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In spite of the many valuable works concerning the metabolism 
of histidine, such as those of Kotake and Konishi (1922), Konishi 
(1922, 1925), Kiyokawa (1932), Kaufmann and Mislowitzer 
(1930, 1931), Edlbacher and his coworkers (1926, 1930-31, 1934), 
Abderhalden e¢ al. (1931, 1937), Sera and Yada (1939, 1940), and 
Takeuchi (1941), little is decided about its intermediary metabolism 
in the animal body. Because, the experiments of Edlbacher, 
Abderhalden, Kaufmann, Sera and Takeuchi are pure 
enzymic ones, the dogs of both Kotake and Jaffe are considered 
by some authors as particular cases, and Darby et al. could obtaine 
no urocanic acid in the urine of rabbits following the parenteral 
administration of L-histidine, and concluded that urocanic acid was 
not a quantitatively important intermediate in the normal metabolism 
of histidine. 

The following article may give some suggestions on the inter- 
mediary metabolism of histidine. DL-a-N-methylhistidine was 
administered to a dog subcutaneously, imidazolepyruvic acid was 
isolated from its urine as dinitrophenylhydrazone together with 
unchanged DL-a-N-methylhistidine. According to the investigations 
of Hirohata and his coworkers, demethylase oxidizes L--N-methyl- 
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amino acids and splits them into formaldehyde and corresponding 
amino acids. Therefore DL-a-N-methylhistidine will be partly decom- 
posed into L-histidine in the body and should become urocanic acid 
as Kotake and his coworkers assert. Notwithstanding my efforts, 
however, all attempt of isolation of urocanic acid failed, although I 
confirmed previously the formation of urocanic acid from L-histidine 
on the same dog in the case Of parenteral administration. 

In an enzymic experiment in vitro, kidney and liver extracts of 
rabbits were reacted with DL-a-N-methylhistidine succesivly, and 
imidazolepyruvic acid was a’so isolated together with urocanic acid. 


EXPERIMENTAL 


1. As a preliminary experiment a neutralized solution of 5 g. 
L-histidine monohydrochloride was administered subcutaneously to 2 
dogs. The collected urine of each dog for 4 days was evaporated 
on a water bath to dryness and extracted repeatedly with ethanol 
until the residue no longer showed Pauly’s reaction. After distilling 
off the alcohol im vacuo, a small amount of water was added, the 
solution was treated with norit, sulphuric acid added in 5 % concen- 
tration, and phosphotungstic acid. It was allowed to stand over 
night, filtered by suction, decomposed with baryta, the excess of 
baryta was removed with sulphuric acid quantitatively, and the 
filtrate from the barium sulphate was concentrated under diminished 
pressure. Picric acid solution, was added and the sample kept in 
the ice box for a week. 0.4 g. and 0.034 g. urocanic acid picrate 
respectively were obtained. Both melted at 194°. 

N determination: CygHgQ Ns calculated N 19.07 % 
found 18.08 % 
2. DL-a-N-Methylhistidine hydrochloride was prepared accord- 


ing to the method of Gerngross, Fargher and Pyman. It melted at 
133°-134°. 


N determination: CoH ,,O2N3-2HCI+H20 calculated N 16.16 % 
found N 15.60 % 
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6.8 g. of DL d-N-methylhistidine was injected in the dog of the 
first experiment, the combined urine (for 4 days) was treated as 
above, but mercuric chloride was added instead of picric acid. The 
resulting precipitate was filtered, suspended in water, treated with 
hydrogen sulfide. The filtrate from mercuric sulfide was evapo- 
rated im vacuo, the residue was moisted with water and evaporated 
under reduced pressure. This treatment was repeated three times 
to remove all hydrogen chloride. A small amount of water was 
added to the residue, it was acidified with sulphuric acid, an excess 
of 20 % silver nitrate solution was added, allowed to stand several 
hours, and filtered. A saturated solution of baryta was added to 
the filtrate, and the sample brought to a pH of 7-7.5, allowed to. 
stand over night, and filtered. From the residue, silver was removed 
by hydrogen sulphide. To the filtrate of silver sulphide, picric acid 
was added. The picrate of N-methylhistidine was precipitated as the 
first crop, and that of imidazolepyruvic acid as the second crop. 
Each precipitate was recrystallized from absolute alcohol and water 
and its hydrochloride was also prepared. From the second crop, 
picric acid was removed by hydrochloric acid and benzene, and an 
alcoholic solution of dinitrophenylhydrazine, containing HCl was. 
added, whereupon yellow crystals of hydrazone were precipitated. 

Precipitate I: picrate: m. p. 115°-120° (moisture) 195° (decomposes) 
re »: hydrochloride: m. p. 133°-134° 


N determination C7H,;O2N3-2HCI+H,0 calculated N 16.16 % 
found N 15.63 % 


Precipitate II: picrate: m. p. 170° 
its 2,4 dinitrophenylhydrazone m. p. 160°-161° 
N determination C,,H,jgOgNe calculated N 25.14 % 
found N 26.43 % 
3. Enzymic experiments with DL-a-N-methylhistidine 
a). 0.65 g. DL-a-N-methylhistidine was reacted for 5 days at 37° 
with 25 ml. rabbits or guinea-pig liver extract, which was prepared 
according to Takeuchi (histidase solution). 
From the reaction mixture the protein was removed by tri- 
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cholracetic acid. No amino nitrogen was found in the filtrate. 0.792 g. 
DL-a-N-methylhistidine was recovered as picrates. This melted at 
120° (moisture) 195° (decomp.), corresponding to 0.623 g. of free acid. 

b). Demeth lase solution was prepared from 18 rabbits-kidneys, 
extracting with phosphate buffer solution (pH 7.1) and centrifuging. 
The following mixture was kept 15 hours in an incubator of 37°, 
boiled 20 minutes, cooled and filtered. 


DL-a-N-methylhistidine 1.2448 g. 
Demethylase solution 170 ml. 
Toluen 2 mi. 


The filtrate was concentrated to 100ml. exactly, amino nitrogen 


was determined with aliquot part of it and found 0.1824 mg. in 
total. 


To a half of the reaction mixture was added histidase solution 
as follows: 


Reaction mixture 50 ml. 
Histidase solution 2 aminls 
10% NaOH 25 ml. (pH 9) 
Toluen 2 mie 


The mixture was kept 5 days in an incubator at 37°, 30 % 
hydrochloric acid was added until pH 5 was reached, the mixture 
was warmed 2) minutes on a waterbath, cooled and filtered. 

A trichloracetic acid solution was added to the filtrate, the 
precipitate filtered off, the filtrate was evaporated to dryness in 
vacuo, and extracted with ethanol. 

The fraction soluble in ethanol was evaporated, extracted with 
ether to remove fatty substances, dissolved in a small amount of 
water, Soon snow white crystals were precipitated. These melted at 
255°-260°, showed Pauly’s diazo reaction, but no ninhydrin 
reaction. The yield was 0.0146 g. and could be converted into 
dinitrophenylhydrazone, which melted at 158°. The fraction insoluble 
in ethanol was dissolved in water, added sulphuric acid and phospho- 
tungstic acid solution as usual. The precipitate was decomposed with 
baryta, the baryta was removed with sulphuric acid, and picrate 
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‘was prepared. The picrate was fractionated into a small amount of 


urocanic acid and 0.045 g. DL-a@-N-methylhistidine by recrystalliza- 
tion. 


DISCUSSION 


By the administration of DL-a-N-methylhistidine to a dog no 
urocanic acid but imidazolepyruvic acid was obtained, which has 
never been isolated as a product of intermediary metabolism of 
L-histidine. And it is very suggestive for it. The ketonic acids 
were also isolated from the urine of rabbits after the administration 
of O, N-dimethyltyrosine (To, 1939), N-methylphenylalanine (Fuku- 
yama, 1941), N-methylvanillylalanine (Yoshida, 1941), phenylsarco- 
sine (Oda, 1948) by coworkers of Hirohata. It was formerly 
accepted that the formation of ketonic acid proceeded from L-a-N- 
methylamino acid by the desamination of the corresponding amino 
acid which will be produced by the oxidation of L-a-N-methylamino 
acid together with formaldehyde by demethylase. 

Because, first, it is confirmed by them L-abrine, viz. a-N-methyl- 
tryptophane, will be changed in rabbits body into kynurenine and 
kynurenic acid almost as much as tryptophane and much more than 
indolepyruvic acid, second: hematopoetic action of L-abrine is 
much more strong than indolepyruvic acid. Formation of ketonic 
acid from N-methylamino acid by D-amino-acid-oxidase (Keilin 
and Hartree 1939) and L-amino acid oxpiase (Green et al. 1944) 
has not been determined. Urocanic acid should be isolated from the 
urine according to Kotake ef al.,as my dog was able to put out 
the acid after the subcutaneous injection of L-histidine. Failure is 
probably due to the weak demethylase action of the kidney of dog 
as demonstrated by Yosida and Fukuyama. 


SUMMARY 


1. A small amount of imidazolepyruvic acid was isolated from 
the urine of a dog injected subcutaneously with DL-a-N-methyl- 
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histidine, but no urocanic acid. It was previously confirmed that the 
dog was able to transform L-histidine into urocanic acid. 

2. Both dogs which were investigated, were able to put out 
urocanic acid after the subcutaneous injection of L-histidine. 3 
rabbits, however, did not do so under the same conditions. 

3. Liver extract of rabbits and guinea pigs can desaminate L- 
histidine into urocanic acid, but not DL-d-N-methylhistidine. 

4. DL-da-N-methylhistidine was reacted, at first with extract of 
rabbits kidney (demethylase), and subsequently that of rabbits liver 
Chistidase), a small amount of urocanic and, imidazolepyruvic acids. 
together with unchanged DL-d-N-methylhistidine was isolated. 


This work was carried out by the aid of “ Research Fund of Science” of the 
Department of Education. R. Hirohata. 
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STUDIES ON THE REACTION BETWEEN 
CATALASE MOLECULE AND VARIOUS 
INHIBITORY SUBSTANCES, I.* 


By Y. OGURA, Y. TONOMURA}, S. HINO and H. TAMIYA ** 


(Received for publication on Feb. 23, 1950) 


Catalase is an enzyme for which perhaps the largest number of 
inhibitory substances have thus far been known in literature. Among 
those substances the most studied are cyanide, hydroxylamine, azide, 
fluoride etc., which have been shown to change, simultaneously with 
their inhibitory action, the characteristic absorption spectrum of the 
enzyme. For this reason, these inhibitors are assumed to combine 
with the hemin nucleus of the catalase molecule, depriving the latter 
of its normal catalytic activity. However, the attempts to relate 
quantitatively the degree of inhibition of catalytic activity and the 
degree of change of absorption spectrum caused by the substances 
in question have so far met with but partial success or, rather, with 
unintelligible results (Z). 

Little attention has, on the other hand, been paid to the fact 
that a certain group of substances inhibit catalase activity without 
bringing about any modification of its spectrum. It seems reasona- 
ble to assume that these substances block a certain point in catalase 
molecule other than the hemin nucleus, the site of attack being 
most probably a certain structure of the protein moiety of the 
enzyme molecule. 

The work that is reported below was undertaken with a view 


to obtaining more quantitative and systematic information as to the 


* The first report on this work was made at the Symposium on Enzyme 
Chemistry held by the Chemical Society of Japan in Tokyo, in September, 1946. 
** Botanical Institute, Faculty of Science, University of Tokyo, and The 


Tokugawa Institute for Biological Research, 
+ Present adress: the Research Institute for Catalyser, Hokkaido University, 


Sapporo, 
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reaction between catalase molecule and various inhibitory substances, 
using a combination of kinetic and spectrophotometric methods. 
Some pertinent facts which emerged from these studies may con- 
tribute to the elucidation of action mechanism and the chemical 


nature of catalase molecule. 


EXPERIMENTAL METHODS, 


Catalase was prepared from fresh equine liver according to the 
method of Kitagawa and Shirakawa (2), the Cat. f.-value (3) 
being about 20,000. Though not absolutely pure, this preparation 
was ascertained to contain no chromoproteids other than catalase. 

(1) Kinetic method. A measured amount of hydrogen peroxide 
(ca. 0.01 mole/lit. in final experimental solution) was added to the 
buffered catalase solution* and, after a certain lapse of time, a 
definite volume of the solution was pipetted out and quickly poured 
into a diluted solution of sulfuric acid. The concentration of 
remaining hydrogen peroxide (H,O,) was titrated with 0.01-N potas- 
sium permanganate solution. In so far as the temperature is 
sufficiently low and the concentration of H,O, applied is not too 
high, a linear relationship is found between log CH20,) and the reac- 
tion time #, as is illustrated by line K in Fig. 1, the tangent of the 
line being ‘proportional to the concentration of catalase e«. Form 
kinetic point of view, the course of decomposition of hydrogen 
peroxide by catalase may be represented by: 


d 
i oe =k CH,02) e ea) 


therefore, 
dInCH20) wl 
di saa 


(@) 


*In the present series of experiments 0.01 mole/lit. phosphate (pH 7.0) was 
used as the buffer, 
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where k is the velocity constant of overall reaction. The tangent 
of the log(H,O,)-f-line (K in Fig. 1) is proportional to k e. In the 
presence of an inhibitor this tangent is decreased.* By denoting the 
tangent of log(H,O0,)-t-curve in the presence and absence of inhibitor 
with Vg and V, respectively, we define the “ degree of inhibition ” 
(A) by the following equation: 


204 oe 
H=1——, (3) 


log [H, 0,) 


1 


2 
Minutes 


Fig. 1. Change of log €H202) with time. 
K: Control 
G: In the presence of 10-7.0 mole/lit. NaNs. 


In general, HW varies with time, which means that, in the presence 


of an inhibitor, log({H,O,)-é-curve does not usually represent a 


* To investigate the action of inhibitors, we added to the catalase solution 
different concentrations of the substance to be tested and, before H202 was 
added, the mixture was allowed to stand for 15 min. at the experimental 
temperature so as to ensure the establishment of equilibrium between molecules 
of catalase and the inhibitor. 
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straight line but curves convexly towards the ¢-axis as represented 
by line G in Fig. 1; this curve can be regarded as being composed 
of two parts, initial and final, each representing a straight line as 
illustrated in Fig. 1. The states of inhibition corresponding to these 
two straight parts (A and B) may be called in the following the 
**initial ’ and the “final’’ state, respectively. It is worth noting that 
in each of these states the following simple relation is always 
established between the values H and the concentration of inhibitor G. 


Bes ae © 
Where G is the total concentration (in mole/lit.) of inhibitor and ¢ 
(corresponding to G causing 50% inhibition) is a constant character- 
istic to each inhibitor for its “initial” or “final” state under a 
definite experimental condition. If we represent graphically the 
relationship between H and G by plotting the latter on the abscissae 


Ve Mom attcomprescor 


e= 


Fig. 2. Arrangement for measuring the catalase reaction at very 


short reaction periods. 


A and B: thermostat, C: reaction tube, D: thermometer. 
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in logarithmic scale, we obtain a sigmoid curve in the form of a 
typical dissociation curve.* (In the following we denote the value 
—log G by “pG” and —log¢ by “pd” in analogy to the symbols 
“pH”, “pK” etc.) These curves allow us to evaluate with satis- 
factory accuracy the value ¢ in each case. 

It should be added that the duration of “initial” state or the 
“initial” to the “final” state of inhibi- 


tion varies according to the inhibitor used. The method we adopted 


time of transition from the 


in following the initial state of most rapidly changing inhibition Ce. 
g. in the case of azide) was as follows (Fig. 2).. The catalase solu- 
tion (9 ml. in volume) was placed in a large test tube in which a 
glass tube was introduced; through this tube the air which had 
previously been cooled to. experimental temperature was passed 
through by means of an air-compressor. While stirring the catalase 
solution violently by airing, a small quantity (1 ml.) of hydrogen 
peroxide solution was added, and after a definite interval (ca. 3 
seconds, which. was exactly measured by a stop watch), the reaction 
was discontinued by pouring sulfuric acid solution into the mixture. 
The concentration of the peroxide remaining was titrated as usual 
with permanganate. 

(2) .Spectrophotometric method. Effect of various inhibitory: 
substances upon the spectrum of catalase was investigated in detail 
using Adam Hilger’s Nutting-spectrophotometer, H. 181. According 


to our investigations, catalase solution shows absorption maxima at 


*In the systematic study of inhibitory phenomena of various biological 
reactions, Tamiya e¢ al. found that, quite generally, the following relationship 
holds between H and G, the value » being varied according to the inhibitor 


: : Gn : 
and the biological reaction: H= F Ge: According to the value of 7, we call 
n- 
the inhibitory phenomena “the inhibition of -th order”, and the sigmoid 
curves obtained as above, “the sigmoid curves of m-th order”. The curves 


become considerably steeper as ” increases. All curves to be discussei in this 
paper show the inhibition of “first order” in so far as their action upon 
catalase is concerned. 
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508, 538 and 627 mu. Change of the spectrum caused by substances. 
capable of combining reversibly with the hemin group of catalase is 
generally a function of the concentration of the substance added. 
When the substance is added in sufficiently high concentration, a 
state is finally attained in which the spectrum will no more be 
changed by further increase of the substance. The spectrum 
observed at this state is to be taken as that of the catalase-inhibitor 
compound. When the concentration of the added substance is not 
high enough, the spectrum lies somewhere between thos2 of free 
catalase and of the catalase-inhibitor compound. In Fig. 3 is given 
an example of changes in catalase spectrum caused by “saturating ” 
(10-20 mole/lit.) and “ non-saturating”’ (10-*9 mole/lit.) concentra- 
tions of KCN (the concentration of catalase having been kept 
constant). Choosing appropriate wave length where the absorption 
coefficients of free and of catalase-inhibitor complex differ most 
widely —this “maximum” difference being denoted by b—, the 
intermediate position, corresponding to a@ in the figure, of the 
spectrum shown by non-saturating concentration of the inhibitor was 
determined. The ratio a/b, which may be denoted by a in the fol- 
lowing, is a function of the concentration of the inhibitor, and 
investigation was made as to how this value changes with the 


variation of G. 


Since both the inhibition of catalase activity and the change of 
spectrum may be ascribed to the combination of inhibitor molecule 
with the catalase, it would be of interest to compare the functional 
relationsphip between H and G with that between a@ and G. 


For the purpose of this comparison, kinetic and spectrophotometric 
experiments were performed under as similar a condition as possible; 
namely, both at 7° and at pH 7.0 using the same concentration of 
buffer substance (0.01 mole/lit. phosphate). The only difference in 
the two cases, which was unavoidable for technical reasons, was that 
in test solutions applied to spectrophotometric observations the con- 
centration of catalase was remarkably higher (ca. 10-59 moleé/lit.) 
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log Lr 


4.0 


05 


0.0 
60; CO er 550 


Fig. 3. Effect of addition of cyanide upon the spectrum of catalase. 
Concentration of catalase=ca. 8x 10-60 mole/lit. d=4.0cm. 


: pure catalase, ----: with 10-20 mole/lit. KCN, 
-+--+-: with 10-50 mole/lit. KCN. 


than that in test solutions used for kinetic method (ca. 10-90 mole/ 
lit.). 

It seems relevant here to make theoretical considerations for 
interpreting the functional relationships to be observed between @ 
and G, as well as that between H and G. Let us designate the free 
catalase molecule with E, the molecule of the inhibitor with G, and 
the catalase-inhibitor complex with EG. It is reasonable to assume 
that E and G will react in the following manner: 

E + G = £&EG 
Designating the total concentration of catalase with ¢, v7z. 


LB pod (LEGIS=e (5) 
and the dissociation constant of EG with Kg, v7z. 
ped ToT 
Kes (Se) (8) 
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we have Ss (G3 re 
REG I. i shores 7 
e “Rearci™ temas 2 
On the other hand, the total concentration of inhibitor applied is 
G=(G)+[(EG] (8) 


It may be clear that the ratio a/b determined in spectrophotometric 


experiments is the ratio [EGJ/e, vzz. 


eee eee (9) 
Considering Eqs. (7), (8) and (Q), we have 
(I—d) (G—a e) Ke (10) 


d 
If the concentration of catalase is very low compared with that of 
the inhibitor, so that awe may be considered negligible against G, Eq. 


(10) will be transformed into 


a=- RG EBS 

As will be shown later, the a-pG-curve obtained with cyanide 
and azide corresponds satisfactorily to Eq. (10) and deviates widely 
from Eq. (11), indicating that thereby the value ae has been of ap- 
preciable magnitude compared with G. Itshould be noted that by 
analysis of experimental aw-pG-curve on the basis of Eq. (10), we can 
determine the values ¢ and Ke. 

Of great interest is the comparison of Kc thus found with the 
volues of ¢ which were determined by kinetic experiments. It may 
be quite natural to assume that, at least under certain conditions, 
the velocity of H,O. decomposition in the presence of an inhibitor 
may be determined by the concentration of free catalase (E) as it 
is given by Eq. (7). Under such conditions the degree of inhibition, 
as it may be derived from the equation given already, will be 


considering that in kinetic experiments the concentration of catalase 
applied was very low, we may assume that thereby (EG] would 
have been negligibly small compared with (GJ. Equating, therefore, 
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CG) to G, we have 
G 
Ket oe 
a relation which is formally the same as Eq. (4). Under the said 
condition the value ¢ must be equal to Kg; indeed, as will be shown 


il = 


later, with all inhibitors that modify the spectrum of catalase it was 
found that the value ¢ at the inital state was equal to Kg which 
was determined by the analysis of d-pG-curve obtained by spectro- 
photometric method. The interesting question as to how to interpret 
the ¢-value found at the final state will be discussed later. 


RESULTS. 
(1) Inhibitors modifing the spectrum of catalase. 


Following substances modify more or less the spectrum of catalase 
in the visible region: cyanide, chloride, fluoride, sulfide, monomethyl 
hydrogen peroxide, azide and hydroxylamine. Absorption maxima 
of various catalase-inhibitor complexes are given in Table I, and 
absorption spectra of some representative compounds are illustrated 
in Fig. 4. In their inhibitory action each of these substances showed 
more or less a specific phenomenon, typical features of which were 
found in cyanide and azide, which are described in the following. 


TABLE I 


Absorption maxima of various catalase compounds 


Compounds Absorption-maxima (mvp) 
Catalase 508, 538, 625 ' 
Cyanide-catalase 544, 575 
Fiuoride-catalase 505, 540, 606, 620 
Azide-catalase 540, 623 
Hydroxylamine-catalase 507, 540, 625, 640 


° 
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Log?) 


1D 


1.0 


05 


0.0 
650 600° 550 500 mya 


Fig. 4. Spectra of cyanide- and azide-catalase compared with that 
of free catalase, 


e=ca, 8x 10-69 mole/lit. d=4.0 cm. 
: Catalase, -—---: cyanide-catalase, ~-+- += : azide-catalase. 


(a) Cyanide. As was mentioned already, the log(H,O,)-t- 
curve, in the presence of an inhibitor, generally bends convexly 
towards the ¢-axis. The only exception to this general rule was 
found in the case of cyanide, in which the value ¢ remained constant 
throughout the course of reaction. The ¢-value found was 10-62 
mole/lit. at 0°, 10-615 mole/lit. at 1°, and 10-58 mole/lit. at 5°. (See 
protocol 1). 

By spectrophotometric experiments the functional relationship 
between d@ and G was investigated and it was found to follow Eq. 
(10) instead of Fq. (11) (See Fig. 6, Protocol 2). Analysis of the 
curve on the basis of Eq. (10) showed that e¢ was 1.68x10-5.0 
mole/lit. and Kg was 10-58 mole/lit. at 5°. This value of Ke 
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Fig. 5. Determination of the ¢-value of KCN at pH 7.0, 1°. 
Left: log CH,O2)-t relation, Right: H-pG-curve. 
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Fig. 6. Determination of the Ag value cf KCN at pH 7.0, 5°. 


coincides well with the ¢-value estimated by the kinetic method. 
(b) Azide. This substance, as all the others to be described 

later, shows two distinct phases of inhibition, “initial” and “ final”, 

as is illustrated in Fig. 1. That the inhibition-pG-curves in both of 
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these phases represent a sigmoid of the first order is shown in Fig. 
7, and Fig. 9. The conspicuous difference in the lateral position of 
the two curves corresponds to the difference between the initial and 
final ¢-values which, together with the values found for other 


inhibitors, are given in Table II. 


6,0 5.5 4,0 


— Log (WaM} 


0.8 


j 2 3 Secands 


Fig. 7. Initial value of ¢ of NaN3 at pH 7.0, 7°. 


Spectrophotometric investigation analogous to that performed 
with cyanide showed that in this case also the relation between a 
and G assumed the form of Eq. (10). By analysis of the curves 
obtained, ¢ was found to be 2.5 x 10-69 mole/lit. and Kg=10-5” mole/lit. 
at 7°. The latter value agrees exactly with @ of the initial state 
observed in kinetic experiments. 

Of the observations we have made with azide, the following 
might perhaps be most significant in connection with the question of 
how to interpret the remarkable bending of the log(H,O,)-t-curves 
giving rise to the final state of inhibition. The log{H,O,)-f-curve 


bending in the manner illustrated by curve G in Fig. 1 is always 
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TABLE II 


PKo and pd of inhibitors modifying the spectrum of catalase 


at pH 7.0. 
db 
Inhibitor ee z= 
) Initial (7° ) final (0°) 
KCN 5.8 5.8 (5° C.) 
NaF 18 18 2.3 
NazS aa 4.0 5.6 
CH;00H = 5.8 = 
NaN; 5.7 5.7 edd 
NH20OH 5.0 4.9 6.9 


Minutes 


Fig. 8. Influence of pretreatment with H»O» on the initial state of 
NaN3 (10-75 mole/lit.) inhibition, 
K: Control, 1: without pretreatment, II: experiment conducted 
1 minute after pretreatment, III & IV : experiments conducted 
5 and 25 minutes, respectively, after pretreatment. 
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obtained when catalase, previously set in equilibrium with the 
inhibitor, is allowed to act upon H,O, (given in a concentration of 
ca. 0.01 mole/lit. in the final mixture) and the course of H,O, 
decomposition was followed from the very moment of the addition 
of H.O,. When, however, catalase is pretreated with a very small 
quantity of HO, (ca. 0.0095 mole/lit. in the final experimental solu- 
tion) before the usual quantity of H,O,, whose rate of decomposi- 
tion is to be followed, is added, interesting phenomena are observed 
as shown in Fig. 8. If the interval between the pretreatment, 27. e. 
the addition of a very small quantity of H,O., and the addition of 
H,O, to be measured is about 5 minutes, the initial state completely 
disappears and the log(H,O,)-f-curve takes a straight course show- 
ing a tangent that is exactly the same as that of the “final” state; 
in other words, the curve shows the “final” state from the beginn- 
ing. If the interval in question is shorter or longer than 5 minutes 
(say 1 minute or 10 minutes) the initial phase does appear more or 
less recognizably, the distinctness of which depending upon how much 
the interval deviates from 5 minutes. When the interval is made 
sufficiently long, é. g. 25 minutes, the effect of pretreatment completely 
disappears, so that the log(H,O2)-f-curve assumes the same form as in 


Lo [ H,02] H 
1p (RESO TE 
Po 
Ns ier --- 
AY 7 
sS 
aN ie 
Xe | 
0.5 BRAC) 2.8 
! 
bot. OF 
0.0 


1 2 3 Minutes 


Fig. 9. Final value of ¢ ef NaN3 at pH 7.0, 0°. 
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the case without pretreatment. 

From these observations it may be concluded that; (1) the final 
state of inhibition is the state that is realizable only in the presence 
of H,0, the concentration of which may be as low as 0.0005 mole/lit. ; 
(2) for the establishment of the final state a certain reaction time is 
necessary which is about 5 minutes in the case of azide; and (3) 
the establishment of final state is a reversible process, the return to 
the original state after 25 minutes being explicable by the disap- 
pearance of HO, owing to its decomposition by the activity of 
catalase. Later it will be shown that these findings provide an 
important clue to an understanding not only of inhibitory phenomena 
but also of some aspects in the mechanism of normal process of 
H,0, decomposition by catalase. 

(c) Fluoride, Sulfide and Hydroxylamine. Similar experiments, 
kinetic and spectrophotometric, as described above were carried 
out with fluoride, sulfide and hydroxylamine, which all change 
the absorption spectrum of catalase by reacting with it. These 
inhibitors also share the property of showing initial and final state 
of inhibition which is singularly lacking in cyanide. The value of 
pKg and pd found are summarized in Table II, from which it may be 
seen that the initial @-values are always equal to Ag and are more 


or less larger than the corresponding values in the final state. 


(2) Inhibitors not modifying the spectrum of catalase. 


We found that the following substances inhibit the activity of 
catalase without modifying its absorption spectrum: phenol, resorci- 
nol, hydroquinone, cresols, chlorophenols, nitrophenoles and hydrogen 
ion. In the following points, however, all these inhibitors show the 
Same phenomena as the spectrum-modifying inhibitors which have 
been discussed already ; (1) they give the log(H,O.)-f-curve bending 
convexly towards the Z-axis, showing initial and final states of 
inhibition; (2) in both of these states, the inhibition-pG-curve repre- 
sents a typical sigmoid of the first order; and (3) by pretreatment 


168 -Y. Ogura, Y. Tonomura, S. Hino and H. Tamiya. 


with a very small quantity of H,O, the initial states disappears, the 


log(H.O,)-t-curve taking “final” course from the beginning. 
The values of p¢ obtained with some typical substances belong- 


1.0 


0.0 


7.0 6.0 5.0 4.0 3.0 
; bG 
Fig. 10. H-pG-curve for some phenolic substances (final state of 


inhibition at pH 7.0, 0°.) 
—O— o-chlorophenol —Q@— hydroquinone —@— /.-cresol. 


qpyweairjoy Jatt 


¢-values of inhibitors not modifying the spectrum of catalase. 


pe 
Inhibitor a BS Eee ee 
Initial (7°) Final (0°) 
HO-{ CH | 21 4.6 
aS 
HO Sie 5 | Die 5.2 
Cl 
at ets ed 4 
H+ 4.5 5.8 
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ing to this group are given in Table III. The H-pG-curves shown 
by these substances (in their final states of inhibition) are illustrated 
in Fig. 10.. The fact that the substances of this group do not modify 
the spectrum of catalase indicates that they exert no influence upon 
the energy levels of protohemins. The observation of ultraviolet 
and infrared regions of spectrum* was carried out using p-cresol 
but even in its highest possible concentration (10-18 mole/lit.) we 
could not confirm any sign of modification.** It may be certain that 
the site of attachment of these substances is some group in the 
protein moiety of the catalase molecule. The H-pG-curve shown by 
hydrogen ion is of special theoretical interest; it will be given and 


discussed in detail in our later report. 


DISCUSSION. 


From the facts described in detail in connection with the action 
of azide, it may be inferred that the “ final” state is connected with 
the reversible combination of catalase molecule with H,O,. ‘This 


reaction may be pictured by 


S 
E oF S) eae E 


ome & 
where S is H,O, and EB the catalase-H,O,-complex in question. As 
it has been shown with various inhibitors, the ¢@-value observed in 
the “initial” state may be regarded as the dissociation constant of 
the combination between E and G: 
Ke 
E + G ieee EG CI) 


< 


The most plausible explanation for the ¢-value found in the “ final” 
state may be that it represents the dissociation constant of the 


combination between E and G, viz. 


*For measurement of absorption coefficients in infrared region we are 
indebted to Dr. Shimanouchi, Chemical Institute, University of Tokyo. 

** The concentration of this substance cannot be made higher than 10-195 
mole/lit., because irreversible destruction of catalase occurs and the solution 


becomes turbid. 
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eS Gee CII) 


The dissociation constant in question may be denoted by K’c. 
Based on this idea we may picture the mechanism of the 


catalase reaction in the following manner: 


ky S 

Bo. thee PS pie a (III) 
ky 
k. S 

Beiy gitgt wines (IV) 
Ry 

S Rk 

Sie 9 aa i eee CV) 


where SE is a compound in which two molecules of H,O2 are com- 
bined with one molecule of catalase, and P the reaction products, 
viz. O, and H,O. The values &, k’, etc. are velocity constants of the 
reactions towards the direction indicated by the arrow. Considering 
a number of experimantal facts thus far known and others which 
will be referred to in our later reports, it is assumed that; the 
equilibrium of the reaction (III) is shifted extremely to the right, 
and can be attained very rapidly. From this assumption can be 


deduced that within a certain range of H,O, concentration, 7.e. when 
Baths. 8 >cS}y> = ha practically all catalase molecules will take the 


jomn of E and We velocity, v, of overall reaction may be given by 
2d(P)_ 2k k; 


v= dt = Fetk, me 
This equation coincides with the experimental formula (1), indicating 
2 ko k 


that the overall rat 5 i : 
rate constant & is ovis 


In the presence of an inhibitor G, the reactions (1) and CII) will 
occur besides the above-mentioned three. It is assumed that in 
most of the inhibitors studied Kg is larger than K’cg, and the 
equilibrium of these reactions can not be attained instantaneously. 

In the absence of H,O:, reaction (I) represents the only reaction 
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to occur, and at the equilibrium the relation: 


LEGS | LGM CES eed 
Ei T0G3 ¢  <AetlG) 


(13) 


is fulfilled. Obviously, it is the equilibrium of this reaction that was 
observed in spectroscopic experiments. 

Now, let us consider what events will occur in kinetic experi- 
ments. In all our kinetic experiments, the catalase and inhibitor 
were at first set in equilibrium for sufficient period of time before 
H,O, was added and its rate of decomposition was followed. On 
addition of HO», the reaction (III) followed by (IV) and (CV) will 
‘suddenly occur besides the preexisting system (I). Owing to the 
formation of E by reaction (III) there will appear the possibility of 
the reaction (JJ). As was mentioned already, however, both reac- 
tions (I) and CII) occur rather slowly and the shift of the equilibrium 
of reaction (I) can take place only sluggishly. Within the time in 
which the occurrence of reaction (II) is negligible, the velocity (vc) 
of H,O, decomposition will be limited by the concentration of free 


catalase that is given by Eq. (13), viz. 


k Ke 
“Ket(Gy © 202 


Considering that in kinetic experiments [G) may be equated to G, 


ug=k CEJ CH,0)= 


the apparent velocity constant Vc, and the degree of inhibition (HZ) 


observed under the said condition are given by 


Ke 
Ves erance 
a ee 14 
LE Sah Mar | Meats EE 6 C1) 


These equations correspond to the fact that in initial state the 
inhibition-pG-curve represents a typical sigmoid of the first order, 
giving the ¢-value which is equal to Kg determined by spectro- 
photometric method. 

With the lapse of time the reaction (II) gradually takes place 
and the preexisting equilibrium (I) is disturbed owing to the 
disappearance of the free form E of catalase as a result of reaction 
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(III) in which the equilibrium is shifted extremely to the right. 
When eventually a final state is attained, the velocity of H,O» 
decomposition will become 
og tz es Kile ie 
(R'a+k3) (K'G+G) 
so that the degree of inhibition (H’) at this state will be given by 


G 
Fah RS se 


This equation fits in well with the experimental fact that in the 


f= 


“final” state also, the inhibition-pG-curve represents a_ typical 
sigmoid of the first order with the ¢-value different from that of the 
“initial” state. The fact that ¢ in the final state is smaller than 
that in the initial state means that E has a stronger affinity to the 
inhibitor molecule than the free catalase E. 

As was mentioned already, all these considerations are referred 


..  , Botks ky ; " = 
to the condition: — pe » (SJ DE and in so far as this condition 
2 1 


is fulfilled the @-values must be independent of the concentration of 
peroxide used. That this is actually the case was confirmed with 
various inhibitors (cyanide, azide and o-chlorophenol), the ¢-values 
of which remained constant when peroxide concentration was varied 
from 10-27 to 10-13 mole/lit. 

In view of the fact that the ¢-values in the initial state could 
indubitably be correlated to the Ag-value measured spectrophoto- 
metrically, similar experiments to check the final ¢-value by 
spectrophctometric observation appeared to be of interest and 
worthy of undertaking. Unfortunately, such experiments were not 
feasible owing to the fact that, since we had to use high concentra- 
tion of catalase in spectrophotometric experiments, hydrogen peroxide 
added was almost instantaneously decomposed even when the 
inhibitors were added in considerably high concentrations. The 
Spectroscopic observation of the combination between E and G may 
only be possible with spectrophotometer of extraordinary sensitivity 


and with extraordinary rapidity of action, which seems to be beyond 
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the technical possibility at present.* 


SUMMARY. 


1) The reaction between catalase molecule and various inhibitory 
substances was studied quantitatively by using both kinetic and 
spectrophotometric methods. 

2) The characteristic spectrum of catalase is changed by its 
combination with cyanide, chloride, fluoride, sulfide, azide and 
hydroxylamine, while no change could be observed by that with 
phenol, resorcinol, hydroquinone, cresols, chlorophenols, nitrophenols 
and hydrogen ion, though these strongly inhibit catalase activity. 
Substances of the latter group may be regarded as exerting their 
inhibitory action by combining with certain structual element in 
protein moiety of the catalase molecule. 

3) In the absence of inhibitors, the log{H,O,J)-time-curve 
observed in the catalatic H,O.-decomposition represents, as is well 
known, a straight line at lower temperatures and within certain 
limits of H,O2 concentration applied. In the presence of inhibitors, 
however, the log({H,O,)-time-curve usually bends more or less 
convexly towards the time-axis. The exception was found only in 
cyanide in which the log{H,O»,J-time-curve represented a straight 
line as in the control experiment. The bending curves were found 
to be composed of two straight lines with different tangents, and for 


the corresponding two states of inhibition, referred to as the 


* After we finished these series of experiments, we learned that similar 
experiments on the inhibition phenomena cf catalase had been reported by Agner 
and Theorell in 1946. Their experiments were carried out at 20°. and the 
reaction time lasted 8-10 minutes. Undoubtedly, they had observed highly 
complicated phenomena in which the initial and final states in our sense must. 
have been entangled irregularly. As a result the inhibition-pG-curves obtained 
by their experiments markedly deviate from the typical sigmoid of the first order. 
The explanation of this fact attempted by the said authors seems to us to be 
too much of an “ad hoc” to be acceptable from kinetic point of view. 
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“initial” and “final” states of inhibition, the following relationship: 
between the degree of inhibition (H) and concentration of inhibitor 
applied (G) was found to hold with sufficient accuracy : 


G 
A=———_ 
o+G 
The value ¢ which represents the inhibitor concentration causing 


“ec 


50% inhibition was found to be always larger in the “initial”’ state 
than in the “final”’ state. 

4) The dissociation constants of each catalase-inhibitor-complex, 
which could be determined by spectrophotometric method were 
always found to be identical with the “initial” ¢-values obtained 
by kinetic method. 

5) It was found that on addition of a small quantity of hydro- 
gen peroxide before experiment the initial state disappears, the 
log(H,O,)-time-curve showing the ‘‘final” state from the beginning. 

6) All these facts could satisfactorily be accounted for by the 
following assumptions: catalase molecule (E) first reacts with a 


molecule of hydrogen peroxide (S) in the manner 
S 
E + 5 ress E cd) 


Ss f : S 
where E represents the primary complex built between E and S. E 
then will react with another molecule of S according to the equation 


S 
E “te S == SE CII) 


Ss 
and the resulting complex SE will finally decompose, yielding free 


catalase (E) and the reaction products, 
S . 


It was further assumed that; the equilibrium of reaction (I) is 
shifted extremely to the right, and can be attained very rapidly. 
According to this assumption, practically all catalase molecules will 
be in the state E under stationary condition, and the velocity of the 
overall reaction v will be given by 


v=k e (H,0,) 
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which is in accordance with the fact that in the absence of inhibitors 
the log(H,O,)-time-curve represents a straight line. 

In the presence of an inhibitor the following two reaction will 
occur besides the above-mentioned three: 


E + G vanes EG CIV) 
S S 
E oh Gi Sagas a (EG CV) 


Assuming that both these reactions can take place rather slowly, 
it was deduced that the ¢-values found in the “ iGal ” and “final ” 
states are the, dissociation constants of EG and EG, respectively, the 
former having larger dissociation constant than the latter. Among 
all the inhibitors studied, cyanide occupies a special position, in 
which reactions (IV) and (V) seem to occur very rapidly with the 
dissociation constants not differing from one another. 


This investigation forms a part of the study of the Research 
Commitee of Heavy Metal Catalysis of the National Research Council 
and was supported by a grant donated to one of the authors 
(Tamiya) by the Ministry of Education. 
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PROTOCOL 1 


Inhibition of catalase activity by cyanide 


Composition of the experimental solution was as follows: catalase 
solution 2 ml.; 1/15 mole/lit, phosphate buffer (pH 7.0) 2 ml.; potassium 
cyanide solution or redistilled water 2 ml.; redistilled water 12 ml. 
Temperature: 1°. After thermal equilibrium was attained, 2 ml. of 
hydrogen peroxide solution was added, and after 1, 2 and 3 minutes, 5 ml 
each of the solution were withdrawn and poured into a 25% sulfuric acid 
solution; titration with N/100 potassium permanganate gave the following 
results. Hops. is the degree of inhibition determined from the log(H ,0,)- 
t-curves and Hea, is the corresponding value calculated by means of Eq. 
(4), assuming the ¢g-value of 10-615 mole/lit. 


. N/100 permanganate consumed (ml.) 2p is pk 
ea 1 min 2 min 3 min (%) (%) 
20 545 | 2.50 1.10 0 0 

get oe 6.00 2.90 1.45 12 13 

6.5 6.75 3.80 2.20 29 31 

6.0 8.60 6.10 4.35 Bie) 57 

55 10.75 9.35 8.15 82 81 

5.0 11.75 125 | — 10:55 95 93 


PROTOCOL. 


Change of catalase spectrum caused by cyanide 


As the light source, a Mazda projector-lamp (100V-500W) was used at 
a Suitable voltage. Light beam was filtered through Riken Ultrasin Filter 
No. 3. Absorption coefficients at 630 and 560 my. were measured. Tempera- 
ture: 5°. aps, are observed values and aca, are the corresponding value 
calculated by means of Eq. (11), assuming Kg and « to be 10-58 and 
1.68 x 10-5.0 mole/lit., respectively. 


—log KCN obs. Seal. 
2.0 1.0 1.0 
4.0 0.95 0.97 
4.5 0.90 0.91 
5.0 0.50 0.50 
5.5 0.17 0.13 
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PROTOCOL 3. 


Initial state of inhibition caused by azide 


177 


Experimental solutions used; 1/15 mole/lit. phosphate buffer (pH 7.0) 1 
ml.; catalase solution 1 ml. (about 40 times as high as in the experiment of 
protocol 1); sodium azide solution or redistilled water 1 ml.; redistilled 
water 6 ml. When thermal equilibrium was attained, 1 ml hydrogen 
peroxide solution was added quickly, stirring violently with the aid of an 
aircompressor. After about 3 seconds, during which time the solution was 
constantly mixed by air, 10 ml. of sulfric acid solution were poured into 
the mixture, and the concentration of remainning peroxide was titrated with 
N/100 permanganate, Haj. is the degree of inhibition by means of Eq. (4), 


assuming the ¢-value of 10-57 mole/lit. 


N/100 permanganate consumed H. | 
obs. 
—log C(NaN3) SS Se ee = (%) 
Time (sec.) ml. Time (sec,) ml. 

20 0 23.4 | 3.0 5.95 0 
6.0 As a 3.0 8.2 25 
5.5 a ore 10.4 45 
5.0 4 i Os alia 75 

4.5 D 55 Salo 22.0 94 
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CLASSIFICATION OF CATALASE-POISONS 
BASED ON OBSERVATIONS OF THEIR 
INTERACTION WITH CATALASE.* II. 

By 
Y. OGURA, Y. TONOMURA}, S. HINO and H. TAMIYA.** 


(Received for publication on Feb. 23, 1950) 


In the previous paper (1) we reported on the inhibition phe- 
nomena of catalase reaction caused by various poisonous substances 
and showed that one can distinguish two different states, “initial” 
and “final”, which manifest themselves in the gradual change of 
inhibitory grade with the progress of H,O, decomposition. Observa- 
tions made both with kinetic and spectrophotometric methods have 
led us to the conclusion that in the course of catalase reaction 
catalase molecule (E) transforms into a certain form E) which was 
assumed to be a complex in which H,O, is reversibly associated with 
the catalase molecule. The “initial” and “final” states of inhibi- 
tion were explained as being due to the action of inhibitor substance 
upon E and 5 respectively. Based on this inferrence we estimated, 
for each inhibitory substance, dissociation constants of the complexes 
built of the inhibitor and the two forms of catalase. 

The present studies are concerned with the phenomena which 
occur when two different kinds of inhibitors are added to the 
catalase. As will be described, there are several kinds of interac- 
tions between inhibitors in their action upon the catalase, and by 
quantitative analyses of the phenomena it was revealed that there 
are at least four different sites in a catalase molecule on which 


different groups of inhibitors attach, exerting more or less profound 


* This first report on this work was made at the Symposium on Enzyme 
Chemistry held by the Chemical Society of Japan in Tokyo, in September 1946. 

** Botanical Institute, Faculty of Science, Uniyersity of Tokyo, and the 
Tokugawa Institute for Biological Research. 

+ Present address: the Research Institute for Catalyser, Hokkaido University, 


Sapporo. 
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influences upon the reaction of other inhibitors. 


THEORY. 


Interactions between two poisons acting upon catalase can be 
studied by kinetic as well as spectrophotometric method, the latter 
being, however, applicable only to those inhibitors which modify the 
spectrum of the catalase. Before presenting experimental results 
obtained by these two methods, it seems advisable to give some 
theoretical considerations dealing with the phenomena in general to 
be expected in the simultaneous presence of two different inhibitors. 

(1) Possible phenomena to be observed by kinetic method. 

Let us designate the molecule of catalase by E and the two 
poisons to be given together by G,; and G». Each of these inhibitors 
will react with E according to the equation: 


Ke. 

E + G, aa EG, @ 
Kes 

Baiiat ta Goes Gp (2) 


Besides these reactions we have to assume that, if the sites of attach- 
ment of the two substances to the catalase molecule are different, 
one molecule of catalase might be able to combine with both of these 
substances at the same time. Simultaneous combination of the two 
inhibitors may be expressed by; 


EG, a G, se EG,G, (3) 


(or EG, ae Go as EG,G2) 


The values K's given in the equations are the dissociation 
constants of the respective reactions. If we denote the total con- 
centration of catalase by ¢, it can be shown that 

€ =(EIC1+(G;3/Kei+€Gy)/Keot 
Koi/ Ke, 2 CG,)/Ke, : CG2I/Ke.) (4) 


The velocity of catalase reaction which will be observed in the 
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“initial” state is proportional to the concentration E of the catalase ; 
denoting this velocity to be observed in the presence of G, and G, 
by v1.2, we have | 

1,2=k CE) (H,0.)= 


14(6))/Ke,+(G)Ke.t Koi/Kers * CGi/Ke, (C/K) © 
where k& is the velocity constant of the overall reaction. In the 
presence of G,; alone, the velocity (v,) to be observed will be 
— ke CH,02) _ 
“= 14+(G)/Ke, - 
Let us consider the phenomena to be observed when the concen- 


tration of G2 is varied, while that of G, is kept constant. In this 
case the degree of inhibition (Hi2) referred to G, may be defined by 


Z Vip 
— a > = 
Hig 1 mT, (7) 


where V’s are apparent velocity constants, that is, V=v/C(H2O,). 
Taking into consideration the relations given above, we have 


Sp or aie 
fe i,2+G, © 
where 
oe (Be Gy 
$i2=Ke: (Fe (9) 
Te - Ke,t+G, 


Eq. (8) shows that the Hj2-pG-relation will give a “sigmoid curve 
of the first order”. 

Similar equations can be derived for the “final” state of inhibi- 
tion, in which, as was discussed already, the inhibition concerns with 
the reaction between inhibitors and the intermediate H,O,-catalase 
complex which we had designated by EB In analogy to the equations 
already given, we may picture the following reactions: 


Ss KG Vs 
Bes) Ane Waste BG) (10) 
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K! 

S Gea S 

Ss K'o Ss 

EG, se G, Seo EG,G, az) 


Ss Kes Ss 
Cor EG; 24) 0 Gre eee GD 


The degree of inhibition (H’'j2) referred to Gz to be observed in the 


“final” state will be 


Viz G» 
b= _ = ae. 
AN, Vy $'{2+ G2 7 
where Ki 
K'¢ : (K’6,4+ G1) : 
P= Klee | er, (14) 
less * Kg, +G, 
1 


Now, concerning the mutual actions between G; and Gp we can 
consider the following four possibilities. 

1) The two poisons combine “competitively ” with the same 
active center of the catalase, so that the formation of complexes 
EG,G», or EG,G, is precluded. In this case 

Ko.,/Kq=~ and K'e4/E'g== 
accordingly, 
$i2=Ke. (14+G;/Ke,) and $/j2=K'g, (1+G,/K’¢g,). (15) 

.2) The two poisons combine with different active centers of the 
catalase, exerting no influence at all upon each other. In this case 
the formation of EG,G, and EG,Gz is possible, whereby 

Ko, =Aey and L0c,=h'e7 
therefore, 
fi2=Ke, and ¢$/j2.=K’c, (16) 

3) The two poisons combine with different active centers 
exerting “repulsive” influence upon each other. Owing to this 
mutual action, Ag,>Ke, and K’g-,>K’q,, so that 


Ke: < $i2 < Ke, 1+G,/Kep 


Ko<lt2 < Kg, 1+G/Ke) re 
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4) The two poisons combine with different active centers, 
exerting “attractive” influence upon each other. In this case 


0 < Ken) Ke; = 1 and 0< K'G+/K'o: <1 
and therefore, 
0 aa pis <= Ke. and 0< $'i2 << K'G. (18) 


The values Kg and K’g which are equal to ¢ and ¢’, respecti- 
vely, have already been determined for each inhibitor. The values 
¢i,2 and ¢$/72 can be determined from the inhibition-pG-curve obtained 
for G2 in the presence of a definite quantity of another poison G,. 
By comparing ¢$j2 with Kg, (=¢2) and ¢$/i2 with K’o, (=¢'2) we 
can make clear whether the mutual action of G, and Gg», in their 


és ”? cs ” “ce 


reaction with catalase is “‘competitive”’, “independent”, “ repulsive ” 
or “attractive”. 

(I) Possible phenomena to be observed by the spectrophoto- 
metric method. When a poison G;, capable of changing the spectrum 
of a catalase, is added to the catalase solution in a large excess, a 
state will be realized in which practically all catalase molecules are 
in the form of EG,;. If we add to this solution another poison Gy, 
that “competes” with G, for E, certain number of molecules EG, 
will be replaced by EG», the amount of which being dependent upon 
the concentration of Gy added. If G2 is added in an extremely large 
quantity, so that Gy will capture all existing catalase molecule from 
G,, the solution will eventually show the spectrum of pure EG, 
which can be checked by applying Gp» alone to the catalase solution. 

If, on the other hand, Gz is not competitive with G,, z, e., if G, 
and Gz can combine with E at the same time, the addition of G2 to 
the pure solution of EG, will entail transformation of some EG, 
molecules into the triple complex EG,G2, the amount of which being 
again dependent on the concentration of G2 added. On applying 
extremely high concentrations of both G, and G2, we may finally 
obtain a pure spectrum of EG,G:, which may differ either from those 


of EG, or EG). 
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In case G, and Gz are competitive, we may write 


€ = CEG} + CEG2) (19) 
and, considering Eqs. (1) and (2), 
CEG.) __ Kei * (G2) (20) 


(EG) Kg. «CG 

Let the absorption coefficient of pure EG, at a certain wave 
length be 6, and that of the mixture of EG, and EG, at the same 
wave length be a. The ratio a/b, which may be desingnated by a, 
can most accurately be determined at the wave lengths where the 
absorption coefficients of EG, and EG, differ most widely. The 
value a thus determined is equal to the ratio [EG,)/e, and therefore, 

ies CG.) 
Ker * CG2)/Ke.t (Gy) 


By plotting @ against —log([G,J, we may obtain a sigmoid curve of 


(21) 


the first order, the middle point of which representing the value 
Ko, + (G2]/Kes, As was discussed in our previous paper, the values 
Ko, and Ke, can be determined separately with each poison. The 
validity of our theoretical considerations can be checked by compar- 
ing the value Kc, - (G2j/Kce, obtained by the method mentioned 
above with that calculated from Ko, and Ke. 

In case the two poisons are non-competitive, the reaction to 
occur is 

Kon 
EG» + G, —s EGG» 

and the value @ determined in the same manner as above will be 


gp EGG) Gs 
€ Ke1tG, 


(22) 


The value Kg-,can be determined from the functional relationship 
between @ and Gj), and, as we have discussed already, we can make 
clear, by the comparison of Kg with Kc’, whether the mutual action 


” “cc 


of G; and Gz; is “independent”, “ repulsive” or “ attractive”. 
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General Results obtained. 


By the application of two methods, kinetic and spectrophotome- 
tric, we were able to make it clear that catalase poisons can be 
divided into four groups, the poisons belonging to the same group 
acting competitively with each other, and the poisons belonging to 
different groups acting non-competitively, but either “ independently ”, 
“repulsively ” or “attractively ” according to the category of the two 
poisons combined. These groups will be named, according to their 
representatives : 

(1) Cyanide Type, comprising cyanide, fluoride, chloride and 

probably sulfide. 

(2) Azide Type, comprising azide and hydroxylamine. 

(3) Phenol Type, comprising phenol, resorcinol, hydroquinone, 

cresols, chlorophenols and nitrophenols. 

(4) Hydrogen Ion Type, of which hydrogen ion represents the 

only member thus far found. 
Interactions between the substances belonging to these groups are 
summarized in Table I, where C, R, I and A represent “competitive ”, 
“repulsive”, “independent” and “attractive” interactions, respec- 


tively. 
TABLE I. 
Interrelation between two types 

aA G2 Cyanide Azide Type | Phenol Type Hydrogen 
G, ane Type Ton 
Cyanide Type (E R R I 
Azide Type R C R I 
Phenol Type R R Cc A 
Hydrogen Ion I “lt A 
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Since competitive poisons must be assumed as attaching to the 
same site on the catalase molecule, while non-competitive ones link 
to different structural elements, the results obtained lead us to a 
significant conclusion that there must be at least four sensitive 
centers in one catalase molecule. Two of these centers having 
affinities to the substances of cyanide and azide types, respectively, 
are obviously on the protohemin parts, while the other two assigned 
to hydrogen ion and the substances of phenol type may presumably 
be on the protein moiety of the catalase molecule. 

To make clear the mutual relationships between four groups 
mentioned above, discussions must be made for six different cases of 
combinations, which will considerably complicate our descriptions. In 
this report we shall restrict ourselves to the discussions of mutual 
relations between the substances of only three groups, namely, 
cyanide, azide and phenol groups. The relationship between hydrogen 
ion and the substances belonging to other groups will be dealt with 


in our later report. 


EXPERIMENTAL, 


(1) Methods. The techniques employed in this work were 
virtually the same as those reported previously. In kinetic experi- 
ments the “initial” and “final” states of inhibition were sharply 
distinguished, and for each of these states the degree of inhibition 
by one poison G, in the presence of a definite quantity of another 
poison G,; was measured. The initial state phenomena were studied 
by the quick method already described, whereby the amount of H,O, 
decomposition was determined about 3 seconds after the addition of 
H20, to the solution in which thermal equilibrium had been estab- 
lished between E, G; and Gp. To study the final state phenomena, 
the equilibrium mixture of E, G; and G2 was first treated with a 
small quantity of H,02 by which E was changed into E left at this 
state for ae minutes so as to ensure the establishment of equilibrium 
between E, G, and G», and then larger quantity of H.O, was added 
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and its rate of decomposition was followed. All experiments were 
performed at pH 7.0 and at 7° and 0° In all cases, both for 
“initial” and “final” states, the inhibition-pG-curves were found to 
represent, in conformity with Eqs. (8) and (13), a typical sigmoid of 
the first order, and from these curves the values $i2 and $72 were 


determined. 


(2) Interactions between two poisons belonging to the same type. 


(a) Cyanide-type. Combination experiments were carried out 
at first with cyanide and fluoride, for each of which the following 
~values had been obtained in our previous work: 


cyanide initial Kg = 10-6 mole/lit. 

anal | ake = 10-elelin so 
fluoride initial Kg = 10-19 mole/lit. 

final  K’g= 10-23 mole/lit, 2¢ °C 


The initial inhibition-pG-curve of cyanide in the presence and 
-absence of fluoride (given in concentrations of 10-29 and 10-15 
mole/lit.) are shown in Fig. 1 from which it may be seen that the $j 2 
value is increased by the increase of fluoride concentration present. 
The value ¢$jp.........assuming cyanide as G, and fluoride as G)......... 
was found to be 10759 mole/lit. at G,=10-29 mole/lit. and 1075-6 
mole/lit. at G,;=10-!5 mole/lit. Considering the value Kg given 
above for fluoride, we obtain from Eq. (15) 

$i2=10-59 mole/lit. at G;=10-*° mole/lit. 
and 32=10-5® mole/lit. at G,=10-15 mole/lit. 

The excellent agreement between the calculated and observed 
values may be taken as an evidence that cyanide and fluoride act 
competitively with each other. 

Similar experiments performed for “final” state showed that 


$/j2=10-49 mole/lit. at G,;=10-1° mole/lit. 
This figure coincides again satisfactorily with that calculated 
‘from Eq. (15). Experiments using cyanide as G, and fluoride as G2, 
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on which we shall not enter here for the sake of brevity, also 
yielded results which were quite in accordance with Eq. (15). 


1,0 


QO 


Fig. 1. Effect of fluoride upon the inhibition-pG-curve of cyanide. 
Cinitial state at pH 7.0, 0°). 
—O—: KCN alone, pd=6.2 
—@—: KCN + 10-20 mole/lit. NaF, p¢dj2=59 
—@—: KCN + 10-15 mole/lit. NaF, p¢j2=5.65 


Further evidence for the competitive interaction between cyanide 
and fluoride was provided by spectrophotometric experiments. (Cf. 
Fig. 2. Experimental temperature; 5°).. In preliminary experi- 
ments it has been confirmed that pure fluoride-catalase spectrum and 
pure cyanide-catalase spectrum could be obtained by applying to the 
catalase solution 10-19 mole/lit. sodium fluoride and 10-29 mole/lit. 
potassium cyanide, respectively. In Fig. 2 the relative values of the 
spectra (4 log I)/I) shown by the mixture of cyanide- and fluoride- 
catalase and by the pure cyanide-catalase are plotted against wave- 
length, taking the absorption coefficient of pure fluoride-catalase as 
the basis. Considering that at 5° the Ac-values for fluoride and 
cyanide are 10-18 mole/lit. and 10-58 mole/lit. respectively, we may 
expect from Eq. (20) that at (fluoride) = 107! mole/lit. and 
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Ccyanide] = 10-49 mole/lit. the spectrum to be produced will lie in 
the middle between those of pure cyanide-catalase and pure 
fluoride-catalase. This expectation was approximately fulfilled as 
may be seen from the curves given in Fig. 2. 


Al og Flt 


O4 


QA2 


0.0 | 
600 540 $60 ge 


Fig. 2. Effect of cyanide and fluoride upon the spectrum of catalase. 
(pH 7.0, 5°). Abscissa: NaF 10-10 mole/lit., KCN 0 
J: NaF 0, KCN 10-20 mole/lit. 
TI: NaF 107-10 mole/lit., KCN 10-40 mole/lit. 
Ill: NaF 10-10 mole/lit., KCN 10-50 mole/lit. 


With cyanide and chloride, similar kinetic and spectrophotometric 
experiments as described above were carried out and it was con- 
firmed that these two substances also act competitively with each 
other. 

(b) Azide type. Mutual action between azide and hydroxyl- 
amine was studied kinetically, both for “initial” and “ final” 
states, using the two substances alternately as G, or G». All the 
data obtained indicated clearly that these poisons act competitively. 

To cite here some results: “initial” states experiments carried 
out at 7° showed that hydroxylamine, which per se gives the ¢- 
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value of 10-49 mole/lit., showed the j2-value of 10-43 mole/lit. when 
10-59 mole/lit. of azide was present. For “final” state (Cat 0°), 
hydroxylamine per se gives ¢’=10-69 mole/lit., while in the presence 
of 10-65 mole/lit. Sodium-azide, the corresponding value is shifted to 
10-5” mole/lit. (cf. Fig. 3). Calculation from Eq. (15) gives ¢/j2= 
10-5? mole/lit. Competitive action between hydroxylamine and azide 
was also ascertained by the spectrophotometric method similar to 


that made with cyanide and fluoride. 


PG 


Fig. 3. Effect of azide upon the inhibition-pG-curve of hydroxylamine. 
(Final state at pH 7.0, 0°). 
—O—: NH,OH alone, p¢/=6.9 
—@—: NH,OH + 10-65 mole/lit. NaN3, pd/{2=5.7 


(C) Phenol type. For this group we could not carry out the 
spectrophotometric experiments, because, as was discussed in our 
previous report, the spectrum of catalase is not modified by the 
substances of this group. In the kinetic experiments we were able 
to obtain convincing evidences for their competition in the “ final” 
State. For example, at 0°, p-cresol gives the $/j2-value of 10-34 
mole/lit. in the presence of 10-40 mole/lit. o-chlorophenol, while its 
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per se f’-value is 10746 mole/lit (cf. Fig. 4). The ¢'i2 value (taking 
p-cresol as G2) calculated from Eq. (15) is 10-34 mole/lit. which 
agrees satisfactorily with the observed value. Similar kinetic ex- 
periments attempted for “initial” state yielded no reliable results, 


1,0 


Fig. 4. Effect of o-chlorophenol upon the inhibition-pG-curve of 
p-cresol. (Final state at pH 7.0, 0°). 
—O-—: p-cresol alone, ~¢/=4.6 
—@—: p-cresol + 10-40 mole/lit. o-chlorophenol, p¢’{,2=3.45 


since accurate titration of H.O. by permanganate was difficult due 
to the fact that we had to apply a very high concentration of the 
inhibitors because of their high “ initial” ¢-values. 

Table II. summarizes the representative results obtained in the 
competitive kinetic experiments carried out with each two poisons 


belonging to the same group. 
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TABLE II. 


Kinetic data showing the competition between two poisons belonging to the 
same group. (Meaning of the notations are in the text.) 


1. Initial state, pH 7.0. 


l ] a 
| | PPi1,2 
K G, || Go pKc» 
| a ne | Obs. | Cal 
NaF 19 20 | KCN 62 | 5.9 | 5.85 
de Type H 
ears 4 NaF “3°19 (25 41> SCN 6.2 | 5.65] 5.65 
| | 
| 
Azide Type | | | . | 43 
*(72) yP NaN; 5.5 | «=5.0 | NH2OH 49 .| 4, | 43 
2. Final state, pH 7.0, O°C. 
Ring | pg i2 
G | pK’ Gi G2 pK’cs 
: a oe Obs. | Cal 
| | - | 
Cyanide Type) NaF | 23 1.0 || KCN 62 | 49 | 49 
| | | | | 
NaN; 17 6.5 NH2OH 69 | B71 57 
Azide Type NaN3 17 6.5 NH,OH 69 | 56 | 5.7 
NHH | 69 ) 5.5 || NaN Ta Ge eee 
p-Cresol | 4.6 4.0 || o-Chloro- 52 lw 4.5 -) 45 
| phenol 
Phénol Type | 2 Cresol | 46 | 35 | oChioro. | 52 | 40 | 406 
o-Chloro- | 5.2 4.0 phenol 
phenol p-Cresol 4.6 3.4 3.4 


(3) Interactions between two poisons belonging to 
different groups. 


Combination tests of two poisons belonging to different types, 
namely, Cyanide Type vs. Azide Type, Cyanide Type vs. Phenol 
Type, and Azide Type vs. Phenol Type, have revealed the fact that 
in all cases two poisons act mutually “ repulsively ”; this means that 
the attachment of one poison to the catalase molecule hinders more 


or less strongly the attachment of the other poison, though they 
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occupy different active centers on the surface of the catalase molecule. 
As may be inferred a priori, distinction between repulsion and 
competition by kinetic method will become more and more difficult 
when the repulsive force between two poisons become very strong. 
This was actually the case in kinetic experiments of combinations of 
Cyanide Type vs. Azide Type, and of Cyanide Type vs. Phenol 
Type, but not in the combination of Azide Type vs. Phenol Type. 
The conclusive evidence of repulsive action between the substances 
of Cyanide and Azide Types was afforded by spectrophotometric 
observations, in which the simultaneous attachment of two poisons to 
one catalase molecule manifested itself in the production of a 
characteristic new spectra which were different from both the spectra 


of single poison-catalase-complex formed by each poison. 


logy] 


4,0 


batalase: 
oor Cyanide— 


(e) ataltode 


== Azide catalase 


650 600 250 500 


Fig. 5. Spectrum of cyanide-azide-catalase, as compared with those of 
cyanide- and azide-catalase. 
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(a) Cyanide Type vs. Azide Type. In an earlier paragraph we 
have shown that in the presence of sufficiently high concentrations of 
cyanide and fluoride, catalase solution showed the mixed spectrum 
of cyanide-catalase and fluoride-catalase, indicating that these two 
forms were the only catalase-poison-complexes that were formed in 
that mixture. Quite different phenomenon emerges when a similar 
experiment is performed with the combination of cyanide and azide, 
namely, on addition of the two substances in sufficiently high 
concentrations, catalase solution produces a new spectrum having a 
maximum at 530 my, which is different either from the spectrum 
of cyanide-catalase or from that of azide-catalase. The spectra of 
these three complexes are compared in Fig. 5. The new spectrum 
must be attributed to the formation of cyanide-azide-catalase, both 
poisons sharing one catalase molecule but attached to different active 


centers in the protohemin group. 


1,0 


Fig. 6. Spectrophotometric determination of the dissociation constant 
of the reaction 
azide-catalase + cyanide— cy anide-azide-catalase, polml 20s Bye 
Ke 
Ordinate: «= (cyanide-azide-catalase)/Ctotal catalase} 
Abscissa: —log (KCN) (in the presence of CNaN3)=10-20 mole/lit.). 
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By adding varying concentrations of cyanide to a “ pure” azide- 
catalase solution (Na-azide added in 10-29 mole/lit.), we measured 
the functional relationship between d-value and cyanide concentra- 
tion. The results obtained are illustrated in Fig.6. In conformity with 
Eq (22) the curve represented a typical sigmoid of the first order. 
On the basis of Eq. (22) the constant of dissociation of cyanide from 
the cyanide-azide-catalase was found to be 10-36 mole/lit. at 5°C., a 
value which is 160 times as large as that of the simple cyanide- 
catalase-complex. Quite a similar phenomenon was observed when 
hydroxylamine was used instead of azide. The constant of dissocia- 
tion of cyanide from the cyanide-hydroxylamine-catalase complex 
was found to be the same as above, namely 10736 mole/lit. 

Kinetic experiments performed for “initial” state (at 7°) gave 
the following results: the ¢-value of cyanide, which was 107%? 


mole/lit. in the absence of other poisons, was found to be 10-48 


Lo gl 44,0s) 


1 2 3 Seconds PG 


Fig. 7. Inhibition-pG-curve of cyanide in the presence of 10~4-5 mole/lit. 
azide. (Initial state at pH 7.0, 7°). 


—O—: observed, ptj2=49. 
SSS : calculated on the assumption of “independent” interaction. 
pei2=5.7. 
—.—.—: calculated on the assumption of “competitive” interaction. 


pti2=4.65. 
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mole/lit. and 10-49 mole/lit. in the presence of 1074° mole/lit. azide 
and 10-49 mole/lit. hydroxylamine, respectively. Applying in Eq. (9) 
the values Ko-,/Kcoi=160, Koi, Ke2 and G;, we obtain oi2=10-47 
mole/lit. and 10-48 mole/lit. which are in good coincidence with the 
observed values. 

For the “ final” state it was found that the ¢’-value, of cyanide, 
which per se is 10-62 mole/lit., was shifted to 107°: mole/lit. and 
10-44 mole/lit. by the effect of 10-7 mole/lit. azide and of 107° 
mole/lit. hydroxylamine. The corresponding values calculated under 
the assumption of “competitive” interaction is: Ag,(1+ Ko 
=10-55 mole/lit. and 10-43 mole/lit., respectively, which are equal 
to the observed values. This coincidence may be due to the fact 
that in the final state the “repulsive” interaction between cyanide 
and the poisons of azide type becomes, for some reason unknown at 
present, stronger so that it can hardly be distinguishable from 
“competition” by kinetic method. The exact magnitude of this 
repulsive force could not be determined owing to the fact that the 
“final” state cannot be investigated by spectrophotometric method.* 

For each combination of poisons, we carried out kinetic experi- 
ments using alternately, one poison as G,; and the other as G» and 
vice versa. All the results obtained have indicated that azide and 
hydroxylamine act repulsively against cyanide both in the “initial” 
and the “final” state.** 


(b) Cyanide Type vs. Phenol Type. The fact that the poisons 


*TIt must be noted that the possibility is not absolutely precluded that the 
interaction between cyanide and azide might have changed into “competition” 
as the reaction proceeded to the “final” state. These points must be left open 
to further investigations. 

** From the observations made with microspectroscope, Keilin and Hartree(2) 
concluded that cyanide and azide act competitively. It is conceivable that they 
were not able to differentiate between the spectrum of cyanide-azide-catalase and 
that of cyanide-catalase. Our conclusion was substantiated recently by Tanaka 
(private communication) who showed by magnetometric method that cyanide and 
azide associate with different protohemins of catalase molecule. 
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of Phenol Type do not modify the spectrum of catalase, while those 
of cyanide group do, may be taken as an evidence that the substances 
of thses two groups attack different active centers in the catalase 
molecule. 


Kinetic experiments carried out with the combination of cyanide 
vs. p-cresol or o-chlorophenol showed that at the “final” state; as it 
was the case with cyanide-azide-combination, two poisons repulse one 
another so strongly that outwardly it can hardly be distinguished 
from “competitive” interaction. (See the figures given in Table 
III.) 

This finding is of special theoretical interest in view of our 
inference that the phenols are attached to the protein moiety of 
catalase while cyanide combines with protohemin rest. At any rate, 
it is conceivable that the point of attachment of phenols is located 
somewhere in the direct vicinity of the structural element to which 
cyanide is attached. Further evidence that cyanide and phenols 
attach to different points on the catalase molecule will be adduced 
in our later report in which it will be shown that the interaction 
between Cyanide and hydrogen ion in their action upon catalase is 
essentially different from that between phenols and hydrogen ion.* 

(c) Azide Type vs. Phenol Type. That the site of attack of 
phenols is different from that of the substances of azide group is 
also evident from spectrophotometric data reported in our previous 
paper. Kinetic experiments. using the combination of azide vs. 
p-cresol or o-chlorophenol have shown that at the “final” state they 
act “repulsively ”, but not so strongly as was the case in the com- 
bination with Cyanide .Type. For example, pf-cresol which per se 
gives the ¢/-value of 10-46 mole/lit., shows the ¢’j2-value of 10-32 
moieé/lit. in the presence of 10-69 mole/Iit. azide. The $’j2-value 


calculated on the basis of assumption of “competitive” interaction is 


*For the reason mentioned already we could not investigate the initial state 
of interaction between phenols and other poisons. 
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10-29 mole/lit. which is decidedly larger than the observed value. 
The weaker repulsion between the substances of Azide and Phenol 
Types may be worthy of attention, since the substances of both these 
types showed very strong repulsive action against substances of the 
Cyanide Type. 

In Table IIJ are summarized the results obtained by the 
combination experiments carried out with substances. belonging to 


different groups. 


1.0 


Fig. 8. Inhibition-pG-curve of f-cresol in the presence of 10-60 mole/lit. 
azide (Final state, pH 7.0, 0°). 
—O-—: observed, p$/j,2=3.2. 
----- : calculated on the assumption of “independent” interaction, 
pe’i2=4.6. ; 
—*—:—: calculated on the assumption of “competitive” interaction. 
pe’/72=2.9, 
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(3) Phenomena to be observed at non-equilibrium state. The 
phenomena dealt with hitherto were all concerned with the equilibri- 
um state established between catalase molecule (E or E) and one or 
two different poisons. Under certain conditions we may happen to 
observe phenomena at non-equilibrium state which are more or less. 
different from those described above. The most salient cases occur 
in the combination experiments using cyanide, on the one hand, and 
the substances of azide and phenol type on the other. 

As has been noticed in our previous paper, the equilibrium 
between cyanide and catalase molecule is always attained very 
rapidly, while the substances of Azide and Phenol Type react rather 
slowly with the catalase. Let us denote cyanide by G, and some 
substance of Azide or Phenol Type by Gp, and consider their reac- 
tion with E which can be formed immediately after addition of H,O2 
to E. When G; and Gy: are simultaneously added to E, or when G; 
alone is added at first to E and then G, introduced, the first event 
to occur is the establishment of equilibrium between G, and the 
whole E present, and the decomposition of HzO. by Ep whose con- 
centration is determined by the said equilibrium: 


S 
Gieaet ky cess eGe (23) 


If, therefore, the rate of decomposition of H2O, is followed from the 
very moment at which G2 was added, we can at first observe only 
the inhibition caused by G,; thus outwardly G2 appears to exert no 
influence upon the action of G,. Gradually, however, Gz reacts with 
the existing E, causing the shift of equilibrium of (23), which 
eventually lead to the state in which G; and G2 appear to behave 
mutually repulsively. i 

Similar events occur when G, and E are brought together 


beforehand and allowed to attain an equilibrium 


S S 
G, + Be ee BG (24) 


Ss 
and then G; added. In this case, G; reacts with the existing E 
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attaining instantaneously the equilibrium demanded by (23). Conse- 
quently, the concentration of E will fall off to the value which no 
longer corresponds to the equilibrium concentration demanded by 
(24). However, owing to the sluggishness of the reaction (24)— 
which implies the rigidness in the shift of the equilibrium— a certain 
time must elapse before the new equilibrium between G;, Gz and 
EB is accomplished. For this reason, if the rate of decomposition of 
H,O, is traced from the very moment at which G; was added, the 
poisons G, and Gp» will appear to behave at first mutually independ- 
ently till the preexisting rigid equilibrium (21!) is dissolved into the 
true new equilibrium. 

Mutual actions between different poisons as they were discussed 
in the preceeding paragraphs were all studied under the condition 
in which such transient phenomena as described above could not 
come into question. 


SUMMARY. 
e 


1) Interactions between two poisons in their action upon 
catalase were studied both by kinetic and spectrophotom: tric methods. 
Based on the results obtained, poisons of catalase were divided into 
four types, 7. e. Cyanide, Azide, Phenol and Hydrogen Ion Types. 
To each of these groups belong the following substances: 

Cyanide Type: cyanide, chloride, fluoride and sulfide. 

Azide Type: azide and hydroxylamine. 

Phenol Type: phenol, resorcinol, hydroquinone, cresols, chloro- 
phenols and nitrophenols. 

Hydrogen Ion Type, of which hydrogen ion represents the only 
member thus far found. 

The study of the mutual action of the substances belonging to 
the first mentioned three groups formed the subject of the present 
report. 

2) Poisons belonging to the same group “compete” with each 
other for a definite active center of the catalase molecule; accord- 
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ingly, two poisons, G, and G2, belonging to the same group cannot 
share one catalase molecule (E) at the same time. ‘This was shown, 
not only by kinetic method but also spectrophotometrically—in the 
case of substances of Cyanide and Azide Types—by the fact that on 
adding G, and Gz in sufficient quantities, catalase solution shows only 
the mixed spectra of EG; and EG», the ratio of which depends upon 
the relative concentrations of G; and G» and their relative affinities 
toward E. 


3) Poisons belonging to different groups are linked to different 
active centers in the catalase molecule, a conclusion which has partly 
been drawn in cur previous paper in which we inferred that the 
poisons of Phenol Type attach to the protein moiety, while those of 
Cyanide and Azide Types combine with protohemins of the catalase 
molecule. Owing to the difference of the site of attachment, poisons 
belonging to different groups may be expected to link to one catalase 
molecule at the same time, forming a triple complex of the type 
EG,G;. This expectation was borne out not only by various kinetic 
experiments, but also—for the substances of Cyanide and Azide 
Types—spectrophotometrically by the discovery of a characteristic 
spectrum of EG,G»2 which was essentially different from either that 
of EG; or of EG». 


4) By analyses of various quantitative data, it was shown that 
the affinity of G,; to EG» is not always the same as that between G, 
and E; in other words, poisons belonging to different types can exert 
certain mutual influences in their combination with catalase molecule. 
The substances of the three categories dealt with in this paper were 
found to act upon each other more or less “repulsively”, 7 e. G, 
requires more energy to combine with EG, than to combine with E. 
The data to be reported later will show that the hydrogen ion, when 
attached to catalase molecule, act “attractively” on phenols, but 
quite “indifferently ’’ upon substances belonging to the Cyanide and 
Azide Types. 

5) On the available data it may be concluded that the catalase 
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molecule has at least four active or sensitive centers, each having 


affinities to the poisons or respective types mentioned above. 


This investigation forms a part of study of the Research Commitee of Heavy 
Metal Catalysis of the National Research Council and was supported by a grant 
donated to one of the authers (Tamiya) by the Ministry of Education. 
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ON THE TUBERCULOSTATIC ACTIONS OF 
VARIOUS ORGANIC COMPOUNDS. 


I. SULFA COMPOUNDS. 
By 
YOSHIAKI MIURA. 
(The Department of Biochemistry, Faculty of Medicine, Tokyo University.) 


(Received for Publication on March 1, 1950) 


Since Ricu & Fortis (1938) have tried sulfanilamide in the exper- 
imental tuberculosis in guinea-pigs, various sulfa compounds were 
studied on these effects against the acid-fast bacilli in vitro as well 
as in vivo. Among them, Promin, Promizole, Diasone, and Sulphe- 
trone were found promising in clinical trials. But, unfortunately, 
they showed some toxic effect upon the organisms in the course of 
long-run therapy. 

So, it is desirable, if possible, to find out any new compounds 
which are sufficiently active and at the same times even in long- 
continued application. For this purpose, the author tried, as first 
approach, a series of assay in vitro with various sulfa compounds* 
against a strain of avian type tubercle bacilli, and for some of the 
most effective ones, the toxicity was examined against organisms 


using mice as test animal. 


EXPERIMENTAL. 


1. Methods for in vitro assays.—The test compounds are dissolved 
in any good solvent such as redistilled water, acetone, dilute alcohol, 
or glycerin, in the concentration of 10 mg. per 10 ml. From this 
solution, a serial dilution was made with redistilled water and then 


* The author expresses here his profound thanks for the kind presentations 
of new compounds from Prof. M. ISHIDATE and his colleagues and the 
YOSHITOMI Drug Manufacturing & Co., Ltd. 
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0.3*ml of each diluted solution were added to 2.7 ml of the culture 
medium. Final concentration of the compound in each test tube will 


be shown in Table I. 


TABLE “I. 
No. of test 
tubes i) eS 4 5 6 a 8 9 10 11 12 
Final conc. 
(mg. %) — — 1 05 02 O01 0.05 0.02 0.01 0.005 0.002 0.001 


(in the case 
of weak cmpd.) 10 5 2.5 1.25 0.63 0.31 0.16 0.08 0.04 0.02 0.01 0.005 


When an organic solvent was used, its effect on the culture was 
observed as control. Caution were taken also for the compounds 
which are thermolabil or acid-unstable not to destroy them by heat 
sterilization or acidification. 

As culture media, the following Biocu’s modification of the 
LockEMAN’s solution? is used: 


Sodium monophosphate 1.5 g. 
Potassium diphosphate 20'¢: 
Magnesium sulfate 1.25 g. 
Sodium citrate 1.25 g. 
Mohr’s salt 0.005 g. 
Glycine Zoe, 
Glycerine 12.5 ml. 
Aq. redistillata 500.0 ml. 


The medium, after neutralyzed with N-NaOH and boiled a 
short time, was filtered and autoclaved. 

The test microorganism, cultivated on glycerin-agar slant during 
a week, was harvested and weighed; then, thoroughly mixed with 
culture media to become 1% suspension. The amount of bacteria 
inoculated was about 0.4 mg. for each tube. 
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At 37°, after 2 days of lag periods, the microorganism in the 
control medium showed the growth on the surface or in the bottom 
of medium, and seemed to finish their logarithmic phase of growth 
at the end of 6th day. 

The results of effectiveness are, therefore, judged after 7 days. 
incubation by the state of surface growth. For the convenience, the 
growth was always compared to the parallel experiments using 
diamino diphenyl sulfone and expressed in arbitrary units putting 
the bacteriostatic action of this medicament as 100 %. The results 
are summarized in Table II. 

2. Methods for toxicity tests——The test mice, weighing about 
15g, were used after 2 weeks feeding at a definite condition in the 
laboratory. Then 4 mice in each lot were observed during 10 days, 
after 0.5 ml. subcutaneuous injections of test compounds. 

The results are shown in Table III. 


TABLE III. Toxicity test for 15g. mice 


re, of 22 53 25 a 19 
Nmpe- | Benzyl ST Phthalyl ST 
Dosis oe sulfit-Na STGS Say sTG I (Na-salt) 

100 mg 3 0/4 — 0/4 — 
50 0/4 0/4 = 0/4 4/4 
40 — = 0/4 — — 
25 = 0/4 = 0/4 4/4 
20 0/4 0/4 0/4 — — 
15 0/4 = as a ra 
10 0/4 = 0/4 — 0/4 
5 0/4 = Ps = a 

Control 0/4 | 0/4 1/4 — 0/4 

(Saline 

0.5 ml) | 


The number represents The ratio of dead animals over survived 
animals. 
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DISCUSSION. 


In-the diphenyl sulfone series, the most powerful tuberculostatic 
agent is diamino diphenyl sulfone (D.D.S.) (1); but from the view 
point of toxicity, the most promising compound may be Promin (5). 

Glucose sulfit-Na or benzyl sulfit-Na are also worthy of conside- 
ration being less toxic. 

In the groups of Promizole and its derivatives, the most effective 
one is Promizole (9). The other Cornpounds show only slight bacteri- 
ostatic action. 

Among the derivatives of Sulfathiazole, there are many effective 
compounds: Sulfathiazol (ST) (19) is most effective and Sulfathiazole 
glucose sulfit- Na (STGS) (23) the next, but the toxicity of the 
latter compound is greatly reduced than Sulfathiazol: the dosis of 
100 mg for 15 g mouse showing no noticeable toxicity after a sub- 
cutaneous injection. Besides STGS, Sodium salt of Phthalyl sulfathia- 
zol (24), Sufathiazol glucoside I & II (STG) (27, 28) and Sulfathi- 
azole benzyl Sulfit-Na have also the greater tolerance for mice 
without much loss of the original bacteriostatic action of ST. 
However, in the same series of N*-substituted Sulfathiazole, benzyl, 
(21) succinyl (24), malenyl (25) and camphosyl Sulfathiazol (28) have 
only a poor bacteriostatic action. 

The antibacterial effects of lesser degree are seen in thh series 
of the Sulfapyridine, Sulfapyrimidine and Sulfanylemide except the 
compounds No. 33. (Sulfa monomethyl pyrimidine) which has about 
half of the DDS’s potency. 

Yet, some authors (4) (5) (6) (7) postulate that in the series of 
sulfa compounds, Sulfathiazole and diphenyl sulfones are equally 
effective in vitro test; but in the case of clinical or experimental 
tuberculosis, Sulfathiazole is far more inferior to diphenyl sulfones. 

In this regard SASANO (7) observed that Promin has a bacteri- 
ocidal effect while Sulfathiazole bacteriostatic. But it can not be 
concluded from this observation that any drugs which act bacteri- 
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ocidally is more effective in the treatment of tuberculosis than those 
which act bacteriostatically, because Streptomycin has only bacteri- 
ostatic action in clinical dosis. 

Probably one of the reason why Sulfathiazole is not active in 
vivo experiment is due to its high toxicity when sufficient dosis is 
administered. Relatively higher effectiveness of STGS or STG can 
be also presumed by their less toxicity. As the cause of lower 
toxicity of STGS, Masuimo (8) has claimed that it might be due to 
the fact that STGS is practically not absorbed on the surface of red 
blood cells, while the other sulfa drugs are more or less absorbed. 

According to this experiment, the order of absorbtion is as fol- 
lows, which stand in good agreement with the toxicity. 


SA SSP Ss? SoD 1 Ge ata 


The excretion rate of STGS into urine is also very high when 
administered intravenously to rabitts. By this fact, some one would 
assume that STGS is so quickly excreted in the urine that it might 
be unable to yield a sufficient concentration of ST in the bodies to 
which owe the bacteriostatic action of STGS. But this is not true 
since STGS showed succesful result in the treatment of Ekiri (10) 
as well as experimental streptococcal infection in mice. (9) 

In this line the reports of SwWEANy (5) and Duca & STEINBACH 
(10) are worthy of mention. They showed a quite concordant result 
with this report, that DDS, Promin, SP and SA are effective in vitro 
tests against various acid-fast bacilli. 


CONCLUSION. 


The author compared the effectiveness of forty-eight sulfa com- 
pounds against acid fast bacilli in vitro. Some of them were tested 
on the acute toxicity for mice. The most effective compounds were 
found in the group of diamino diphenyl sulfones and Sulfathiazole. 


Among them, Sulfathiazole glucose sulfit-Na is most promising on 
account of less toxicity. 
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ON THE QUANTITATIVE INTERPRETATION 
OF ELECTROPHORESIS EXPERIMENTS 
WITH TISELIUS APPARATUS. 

By 


K. SHIMAO. 


(Department of Biochemistry, School of Medicine, Tokyo University, 
Director Prof. K. Kodama) 


(Received for publication, on March 2, 1950) 


I. Introduction. 


Since Schlieren method was first used by Tiselius in the elec- 
trophoresis of proteins, it has become one of the most powerful 
methods for the research of blood plasma proteins. Its optical 
system was afterwards improved by Svensson (1), Philpot 
(2), and Longsworth (3) (Schlieren diagonal method and 
Schlieren scanning method), and many useful results were 
obtained in the feild of biological, colloidal and immunological che- 
mistry. In this concern, the theoretical consideration on the moving 
boundaries of strong electrolytes was fully discussed by Dole in 
1945 (4), which was justified by the experiments performed by 
Longsworth (5). His theory clarified, if not all, many points of 
ambiguity which attached to the explanation given to various 
phenomena such as, for example, 6-and ¢-boundaries or mobility 
differences between ascending and discending boundaries. 

As far as I know, none has attempted to apply his theory to 
calculate true mobility and true percentage of each component from 
experimental results of electrophoresis of plasma proteins. 

There are assumptions made in the Dole’s theory which seem 
plausible for dilute solution of strong electrolytes. These assumptions 
seem to be also plausible for proteins as a first approximation. In 
this report the results of the application are given. 
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II. Dole’s theory of moving boundaries. 


For simplicity, I have listed the results of Dole’s theory, applied 
to the case of electrophoresis of blood plasma in Table I, I, TI, IV 
and Fig. 1, 2. Notations used in these figures and tables are the 
same as those used in the Dole’s paper (4), except that quantities 
of discending boundaries are primed and that non-primed quantities 
are those of ascending boundaries. For example V“” and ¢;#’ are 
velocity of the boundary between w and v phase and concentration 
of the z-th component in mw phase in the -discending boundary 
respectively. 
Notations are as follows; 
7j; relative mobility of the j-th species 
oa’; relative conductance of the v phase 
V+"; velocity of the boundary between the uw and v phase under 
unit current 
cj’; equivalent volume concentration of the j-th species in the v 
phase. Greek letters indicate phases. Number suffix indicates 
the species except in the case of y7s. 


III. Calculation of true mobilities. 


First of all, we can determine true mobilities of all the compo- 
nents from Table I and III. Of many quantities listed in these 
Tables what can be known from experiments are all the V“”’s, o%, 
o”', o%’ and o”. Inserting the experimental values of V%*’, o%’ and 
Vs, o® in equations (13) and (1) respectively, we obtain 7; and y3.. 
We further insert 7; thus obtained and V8” in eq. (7) to obtain o°. 
Thus use of this o? and V*’ in eq. (2) yields the value of y,. In 
the same way we can obtain os’ and 7; from ys eq. (19) and eq. 
(14). Repeating analogous calculations we can obtain all the values 
of yi’s, 7's and o”’s. .These mobilities are relative mobilities in the 
arbitray unit, and in the above calculation we can use displacement 
of each component. measured on the photographic plate as V“’s and - 
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Vew's, Tf we want to know the absolute values, the measurements 
of absolute values of electric current, conductivity, time of elec- 
trophoresis, boundary displacements and cross-sectional area of 
electrophoresis cell are necessary. From above quantities we can 
obtain the absolute value of the mobility of albumin from the 
discending boundaries, and those of other components are obtained 


at once from relative mobilities. 


IV. Percentage of each component. 


Since we have obtained the values of y,’s and 7,’s in the above 
section, we can use these values in Table II and IV to calculate the 
concentration change of each component in each boundary. c,’s are 
equivalent volume concentrations, and of cource, these are propor- 
tional to the concentration in gm./dl., viz. cj=k;C;; where C; isthe 
concentration of the j-th component in gm./dl. and k; is a propor- 
tianality constant. For simplicity we make here an approximation ; 
that the changes of concentrations of buffer ions in each boundary 
are small and the contribution of these ions to the area of each 
boundary can be neglected. This assumption can be allowed, for 
7;s of the buffer ions are large compared with those of proteins. 
Further, if we take refractive index increment of all the components 


equal, areas of peaks of the pattern are as follows: 


Ag= CoP 

As = Cg’ —Ce2 + CY 

Ag= Ce —Cg’ + C35 — C5’ + C45 (25) 
Ag=C,8 —Cy6 + Cs® — C58 + Cyt —C go + C3® 

Ag= CoS — Cet + Cao — Cat + Cys — Cg? + C36 —C3®& + Cos 


Ag/= Co! — C58! + C54! — C48! + C44! —C38/ + C32! — C28! 4+ Co 


As! = CoP! — Cg?! + C8! — Cg?! + C38! — Cg? + C28! 
Aq! = Ca?! — C98! + Cg¥! — C25! +. Cy” (26) 
Ay! = C39/ = Coe! =f. C,5/ 

. Al = C28! 


percentage of the j-th component 
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P= 100.c,7 2C; CE 
From Table II, IV, eqs. (25) and (26), we obtain two sets of per- 
centages of all the components. These two sets of values should 
agree, if Dole’s theory is applicable for our case. Experimental 
results show that this is the case (Table V) proving our assumption 


is justified. 


V. Experimental and the results. 


Three section type Tiselius electrophoresis cell was used. The 
optical system was Schlieren diagonal methed. Human plasma 
(citrated plasma) was diluted about three times and was dialysed 
against phosphate buffer Cionic strength 0,18, pH 7,9) for 24 hours in 
cellophane bag. Current stabilizing circuit was used, current being 
constant during the experiment. Conductivity measurement was 
perfomed at the temperature of electrophoresis, which was between 
6,0°C and 10,0°C. Photograph was taken after about 1.5 hours under 
the current of 18,0 mA. Measurement of boundary displacement 
was obtained from the distance between the highest position of 8-or 
€-boundary and that of the peak of each component. When the 
shape of the peak was far from symmetrical, position of the first 
moment of that peak was used instead of the highest position. 
Experimental results are listed in Table V. 


VI. e/M of the protein particle. 


Dole’s theory teaches us that the transport number of every com- 
ponent can be calculated from 7;’s and y,’s. While, the transport 
number is by its definition 


T Ci rj ie Rite? : 
Dae DAS P; = y Ge Pe: (= 1s 7) 
M; DoD: 


e; ; charge per particle of the j-th component 


cj; ; equivalent volume concentration of the j-th component 
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C; ; concentration in gm./dl. of the j-th component 
M; ; molecular weight of the j-th component 
7; ; mobility of the j-th component 


From these equations we can calculate the important property e/M 
of the particle. Of course, for this calculation many experimental 
quantities should be worked out, so that the results will be expected 
to be somewhat inexact. The results of this calculation will be 
published later from our laboratory. 


VII. Some remarks on the interpretation of the experimental 


data of the electrophoresis experiments. 


Our results show shat apparent percentage of albumin is always 
a few percent larger, and that of y-globulin is always a few percent 
smaller that their true values, while true values of a-, @-globulin 
and fibrinogen are in some cases larger and in other cases smaller 
than the apparent values. These results show that in the interpreta- 
tion of the results of electrophoresis of blood plasma of patients, if 
one does not perform the above mentioned calculation, true value of 
each component can not be obtained. When we want to know only 
the decrease or increase of some components from their apparent 
percentages, the correct results are obtained for albumin and y- 
globulin only. Of cours? conditions of electrophoresis, namely ionic 
strength and pH of buffer solution and protein concentration, must 
be the same in one series of experiments. Further, if we want to 
know something about mobilities, the calculation above mentioned 
is necessary because the apparent and true mobilities are different 
from each other in both ascending and discending boundaries. But 
when we want to omit rather complicated calculations, relative 
mobilities are near to their correct values in ascending boundaries. 
Absolute mobilities are obtained from these relative mobilities and 
the absolute value of albumin mobility obtained from discending 


boundaries. 
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Fig. 1. Ascending Boundaries 


Boundaries ar Components 
CR ee A: Buffer ‘+’ ion + Buffer ‘—’ ion 
Albumin (A) es 
(Ce a Buffer ‘+’ ion + Buffer ‘—’ ion + ‘A’ 
«-Globulin (2) = |——— 
lee Buffer ‘+’ ion + Buffer ‘—’ion + ‘A’ + ‘a’ 
8-Globulin (6) = |——— 
Stele Buffer ‘+’ ion + Buffer ‘—’ ion + ‘A’ + ‘a’ 
Fibrinogen (¢) |——— = eel 
oie Buffer ‘+’ ion + Buffer‘—’ ion + ‘A’ + ‘a’ 
y-Globulin (y) se SE BY se Ogi" 
: Ca eee Buffer ‘+’ ion + Buffer ‘—’ ion + ‘A’ + ‘a’ 
6-Boundary 8G? 8 gre eae 
ae core Buffer ‘+’ ion + Buffer ‘—’ ion + ‘A’ + ‘a’ 
+ ‘ 8 ? + . gd ’ — € Og » 
TABLE I. Vo Products of Ascending Boundaries 
Boundary Ve products 
A V%8o%=y¥5 (1) | V%8c8=rg=ralp, (7) 
a V87,8 =4 (2) Ve%G! = 75=Fa-glob. (8) 
8 V¥eq¥=yn (3) | V%8o8=rq=7e-g10p. (9) 
6 Veeci=y (4-1 V%ot=rg=7 hp, (10) 
¥ Vigat =) G) Viegs= r2= Vy-glob. (11) 
8 Ven=0 (6) ven=0 (12) 


where 0>91>92>93>y4>y5 are roots of the equation 


Ty) fe Ton - T37 ee Ta T52 T52 Ty 
Piligy Bigs) C30), TAY 15-y r6-y ae, 


= 0.1) 
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| (41h) Be (4-20) Bx (L4-£4) bey | (LaF) Sa (L480) 94, _ 
uh uD Ce) ik: °) (Las) me) (44-4) 86 gO | (24-S4) Fa * wd (L492) 36 89 | (L) BOL, —, sz9yng 
| (94- te) CA (ute) fA (a4. ec) V4 gn | (24-1) Se 
Wd ok ers tayle 20 | uta) ee 90 (24-Fa) £629 | (op-gs) 4G #0 0 (9) uywinqry 
| | - ¥ 
SPAT \ a G4—Ch )) 84 | (S484 D4 
u89 woe Geant *O Goinae *0 Gite “0 0 0 SO soI5 2 
bA-Th ) C4 PL—Ch ) En 
ie) wht Gabe #9 Geena fe) 0 0 0 (H) —— urIngorp-4 
eave 
u&D “OY ‘ eae ie *9 0 0 0 0 (¢)  waSourqny 
a0) WY 0 0 0 0 0 (Z) ul[nqoyy-h 
(UMC) ta gy [CURED EL 5 | eto) 5 | lee) Ss C486) 4, 
OS, wlD4 | (eta te 20 (eta) 6 P9 (tata) te 89 (82) 6 © 9 | Cgog) e¢ 89) (1) vor, +, sayng 
SO yusuodurog 
u 2 2 Q 4 g »” Ss, 
ota. a 


(479) satavpunog Suipusasy ayy fo ASDYq YIDI U1 Juarogmoy7 


Yyova fo uoynAqu2qu0D Vy adtavy 
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Fig. 2. Discending Boundaries 
Boundary + : Components 
Pee Buffer ‘+’ ion + Buffer ‘—’ ion + ‘A’ + ‘a’ 
A + « 6 > + ‘ ¢ > oa Y > 
Buel oa Buffer ‘+’ ion + Buffer ‘—’ ion + ‘a’ + ‘8’ 
o + , d ’ + << Y > 
¥ Al nee: Buffer ‘+’ ion + Buffer ‘—’ ion + ‘8’ +-‘¢’ 
8 fal + < > 
Orhan. Buffer ‘+’ ion + Buffer ‘—’ ion + ‘¢’ 4+ ‘y’ 
gb 
Won Buffer ‘+’ ion + Buffer ‘—’ ion + ‘y’ 
¥ 
SO aed Buffer ‘+’ ion + Buffer ‘—’ ion 
€ 
7}, el eee Buffer ‘+’ ion + Buffer ‘—’ ion 
TABLE III. Vo Products of Discending Boundaries 
Boundary V’c! Products 
A V48/o0! — 76 (ale) V28/¢8! — y- (19) 
a VBY! 58! = 7. (14) VBY/ gy! =4 (20) 
8 Vo = 74 (15) V¥8g5! = yo (21) 
o Vee2!55/= 79 (16) V8el G8! = yo (22) 
% Veelgt!=ro (17) Veelos! = yy (23) 
€ Ven! =0 (18) Ven! =0 (24) 


where 4, ..., y5 has the same value as in Table_I 
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(44-26) 24 (44 2h) 4 (44-£4) ba (44-¥6) Sa (44-86) 94 
DA Cat) le”? 9 (Z4-£2) ca! 80 (4-¥) eg iO (Ca-Sa) V4 13D (44-92) SE DO) k= td L 
0 0 0 0 0 0 Baa) 9 
(S4-S4 ) 94 
0 0 0 0 0 (Gey 961°! 20 = 89 S 
(F4-¥0) Su (¥4-S€) 94 
0 0 0 0 “aSay v6 8 fe) (h4-94) SE wD! w=? v 
(£4-£4) ba (€4-64) Sa (E4-S6) 94g 
0 0 0 (4h) ea wD (t4-S4) va ‘gd 9) (€4-94) oh 10°D u&D 9D f 
(24-2) Eu (24-£4 ) ba (24-46) Sa g| 24-6) 94 
0 0 (24-£4) ae 78 (24-4) &¢ 71428) (24-S2) ba 19 D) (24-94) eye 1D) uD = 2D & 
(M41) 2a (4-26) £4 (T4-£4) ba CUO) Se | (86) 94 o 
HOU (lata) Te (la Ex) a “8 2 (lab) 86 utd (a9) 168 tee se 9} 81D = wl I 
jueuoduiog 
v 2 3 Q d J % 
eseyd 


Sadvpunog duipuassiq ay, fO asvygq yova us juauoguoy yova fo uoynsjuaounD “AI @TgvL 
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TABLE V. 
| | Relative* Boundary displacement* | = VG - 
Protein 
: Content- Resistance A 5 43 2 ¥1 
Sample |--tion | a | 4a | Ba fa Ye 1 95 | 94 | g 
gr./dl. Sample | Buffer | Ag | od | Ba | Pa | Yd | % | 15 | % F392 
| } } } 
17.0| 13.3) 9.6| 7.4| 3.911062 | 740 | 531 | 405 | 211 
Normal A|| 3.3 1680 1600 = 
| 15.9| 11.0] 7.8| 5.9} 3.03 | 947 | 735 | 526 | 402 208 
| = 
| 145| 114) 31/ 60] 31! 906 | 685 | 486 | 357 | 184 
Normal A 25 1630 | 1600 | 
| 14.2| 10.7| 7.59 | 5.59} 2.8} 872 | 683 | 482 | 356 | 182 
14.0] 11.3! 8.0} 5.9! 3.0) 869 | 603 | 425 | 310 | 158 
Normal B ay) 173) | 1605 | | 
7 | 129| 8.9] 6.2] 4.53] 2.23| 748 | 690 | 420 | 310 | 156 
= 3 | 13:31) 406 728) 5.6 2.9 | 831 | 586 | 432 | 308 | 160 
Normal B 2S} 1660 | 1600 
| 12.2} 8.6] 63] 45] 2.3) 735 | 586 | 429 | 308 | 157 
| 15.4| 123} 8.9] 66! 3.5) 895 | 628 | 450 | 326 | 171 
Normal C |} 3.4 1830 | 1720 
| 14:4.) 10:0) 7.0} 5.0) 2.6) 787 | 622 | 440 | 822 | 170 
| | 15.4) 12.2} 89] 7.0} 3.5)1020 | 758 | 552 | 428 | 213 
Inanition 21 1560. | 1510ee 
| | 14.9} 11.0) 7.9} 6.1] 3.0; | 955 | 756 | 545 | 427 | 211 
| | | | | 
Hyper- | | 15.7|-13.3| 8.9] 68] 3.6) 874 | 672 | 445 | 336 | 178 
iecheont 2.7 1885 | 1799 | — 
| | | 15.0 114] 7.45| 5.6] 2.92| 795 | 653 | 442 | 335 | 176 
| | 
| | 
| 17.0| 13.2| 9.7} 6.9| 3.6|1700 |1190 | 872 | 616 | 321 
Normal Dj 2.0 | 1645 | 1600 
| 15.8] 11.0} 8.0] 5.64 | 2.92 1532 |1183 | 865 | 614 | 315 
16.0| 12.4) 93] 6.6] 3.511600 108) | 806 | 568 | 300 
Normal D 3.4 1710 | 1600 | 
| | 14.9| 10.4) 7.4) 5.2} 2.74|1895 |1073 | 890 | 566 | 295 
| 
| 
| 


* Arbitrary unit. 


** Ar, a, etc,; true relative mobility of albumin, «-globulin, etc. 
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TABLE V_ (Continued) 
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Apparent % True % —Relative mobility** 
Az | es | Ba l-¥e:| ya.) Ae| ag | Bo | ba. | ve |Adcicee | 8) 62 1 
| Ag “a Ba bt Ya 
A | 
d | ad | Ba | oa yd | Ad | ag Ba ba Yd Agito . eS ya 
58.4} 8.4/ 10.1] 64 | 17.2| 53.2] 98] 109] 7.8) 19.0| 100] 78 | 56| 43| 22 
109| 78| 56| 44| 923 
57.5) 8.7] 11.4] 68 | 18.6] 52.3] 11.1] 12.3] 89) 194/499 | 671 49/371 9 
562| 8.7| 114/°68 | 16.8! 53.0| 92) 12.4! 7.2/ 17.8|109| 78| 55) 41} 21 
Eee 100| 79| 56! 41| 21 
545) 87) 114) 68 | 18.5| 527/96 | 11.8], 7.0) 189|G99 |- 75 | bs | aa lap 
55.5| 8.5] 10.3] 5.2 | 20.5] 51.5] 94/120] 5.1] 221| 109 | 80| 56) 41/ 21 
| 100| 81| 57| 42| 22 
poet 78 \ dir) 354 199) 51.9 104) 13:31) 42| 20.1) 459169 |,43| a5 (i a8 
53.6| 9.6] 10.0] 4.6 | 222] 512} 92/110] 4.4] 23.4| 1200 |_80 | 58 | 42/22 
| 100/ 80]! 59| 42| 22 
5x2) 7.2 104) 43 | 20.7) $1A| 104/118) 47] 215\ 4991 711 521 971 19 
504| 7.8| 13.0|. 95) 196| 410/ 92) 155] 11,3| 20,4| 100 |_79 | 56] 41) 22° 
100} 80] 58| 43| 23, 
51.8} 7.6] 15.0} 8.5 | 17.4| 42.7| 10.2} 16.8] 9.6] 20.0 100 69 49 25 18 
49| 9 | 16| 8 | 19] 46| 10| 17| 8 | 18|100| 79) 57| 45| 2 
| 100! 79| 58| 45| 23 
Se ISO 8161.6. C17" AR at Weer a8 lo | nn Poa leon 
38.7| 12.7| 14.0] 12.9| 21.7| 34.0| 14.6| 15,0] 13.2| 23.4| 100 | 83 | 56 | 42) 22° 
| | 100! 85| 57| 43| 23 
40.0| 12.6| 14.4] 12.3| 20.7| 32.0] 16.8] 15.8] 13.8] 21.5|499 | 76| 50| 37/ 19 
| | “100 56! 40| 21. 
51.8| 9.2| 12.8) 7.7 | 185| 488] 9.7/13.8| 93/193) 200 | 78| 56| 40) 2 
100 | 78) 57) 41| 21 
54.2| 7.0| 13.2] 7.1 | 18.6] 47.7] 10.4] 149| 78] 194/499 | 7} 511 a6| 18 
53.5} 8.6|12.4| 67 | 18.8| 49.5| 9.6| 13.0) 7.3] 20.7| 100) 77| 57| 41] 22° 
100 | .78| 58| 41| 22 
56.6] 7.3) 116] 61] 184] 49.8] 104/138) 69| 192/499 | 79) 50| 35| 18 
| 
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About 20 years ago, I reported a colour reaction given by 
arginine*on the addition of a@-naphtol and sodium hypochlorite to 
its alkaline solution (1). This reaction was developed by Weber 
(2) to the colorimetric determination of arginine with the modifi- 
cation of using hypobromite instead of hypochlorite. This method 
has, however, a disadvantage in that a@-naphtol gradually produces 
a yellow colour on the addition of hypobromite, which interferes the 
arginine determination. In this communication I propose the use of 
oxine instead of a-naphtol, as oxine remains colourless on the mere 


addition of hypobromite. 


The new colour reaction of arginine. 


If oxine (8-oxychinolin) and sodium hypochlorite or hypobromite 
are added to an alkaline solution of arginine, a reddish brown colour 
results. This colour reaction has no advantage over the former with 
regards to the sensibility, which remains almost the same in both 
reactions (1: 2,500,000). As the qualitative test the new reaction is 
rather inferior to the former owing to its yellow coloration in the 
case of the dilute arginine solution. The reaction has, however, a 
distinct advantage that the developed colour is stable enough to 
allow the exact colorimetric determination for certain length of time. 

The procedures of the new method is principally the same as 
Webers method. For the colour comparison the Pulfurichs photo- 
meter was used with the filter S 50 against water. The relation 
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between concentration and extinction coefficient was studied on solu- 
tions containing 1-10 y of arginine per cc. The results of these 
observations are given in Table I, where the values under A and B 
rowe were determined under different condition, which will be 


explained later. 


TABLE I. 

Amount of Extinction 
cap age coefficient 

Bae | 0,10 

10 | 0,21 

20 0,45 

30 | 0,65 

40 0,85 

50 1,09 


As the Table I shows the extinction coefficient in both conditions 
in quite proportional to the amount of arginine following the 
Lambert-Beer’s law, and any arginine solution of unknown con- 
centration can be determined from its extinction coefficient, if once 
an extinction coefficient curve is worked out with arginine solution 
of known concentrations. 

The hydrolysate of protein contains many substances preventing 
the full developement of the colour, among which ammonia is most 
remarkable. Experiments were therefore carried out first to investi- 
gate the effect of ammonia on the developement of colour. The 
amount of ammonia which was added in the form of ammonium 
Sulfate varied 0,05-9,3 mg. in 5 ml. of arginine solution (6 y/ml.). 

As shown in Table II, the interference of ammonia of high dilu- 
tion is comparatively small with the auther’s method, while this is 
not the case with other methods. 


A New Method for the Colorimetric Determination. 


TABLE elie 


The effect of the preserce of ammonia on the different 


colorimetric methods. 


Colorimetric method 
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of 

arginine 0,05 o1 | og 
E % ne — Ie ee 
The author’s method 99 92 | 73 

| 

The method of 
Fisher and Wilhelmi (3) 76 67 | 53 

The method of 
Thomas, Ingallsand Luck 75 65 | 50 

(4) 


Ammonia-N (mg.) in 5 ml. of 
arginine solution (6 y/ml.) 


The arginine contents of several proteins obtained by the new colorimetric 


PABLEs Ll: 


method and its comparison with those by Vickery’s 


gravimetric method (5). 


Egg Albumin 
Edestin 

Fibrin 

Gliadin 

Serum Globulin 
Gelatin 
Hemoglobin 
Wool 


Caseinogen 
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Next, the effect of other substances contained in the protein 
hydrolysate was tested by the comparison of the values of the 
arginine contents determined both by the new colorimetric method 
and by the Vickery’s gravimetric method (Table II.) 

Date indicate that they agree fairly well each other. It may be 
postulated, therefore, that this colorimetric method can be applied 
for the hydrolysates of protein with good result. 


The method of determination of arginine. 


Solution required: (1) Sodium hydroxide, 10 per cent; (2) 
oxine, 0,02 per cent, prepared by diluting 0,4 per cent alcoholic 
solution of oxine with water; (3) sodium hypobromite, prepared by 
dissolving 2 g. of bromine in 100 ml. of 5 per cent sodium hydroxide 
solution; (4) urea, 40 per cent. (5) standard solution, 24, 2 mg. 
arginine hydrochloride Cg H,,O2N4* HCl are transferred to the mea- 
suring flask of 200 ml. capacity, added with 10 ml. of 10 per cent 
hydrochloric acid and made up to the volume with distilled water 
(stock solution). This contains 100ry arginine per ml. and keeps for 
several months. For use this standard solution is diluted each time 
freshly to the concentration required. 

Procedure: Method A.—5 ml. of the solution to be tested are 
pipetted into a testtube (2x18cm.) placed in anice bath. After the 
addition of 1 ml. of oxine solution and 1 cc. of sodium hydroxide 
solution the contents of the tube are cooled in the ice bath for 2 or 
3 min. Then a proper amount of hypobromite is added, the tube 
shaken, and 20 sec. later 1 ml. urea is added and thoroughly mixed. 
Because the presence of urea does not completely prevent fading the 
colorimetric comparison should be carried out within 5 min. The 
result is given in Table IL, A., where pure arginine solution was 
used. 

But this method offers some trouble in reading the extinction 
coefficient in the wet season as met in summer of Japan eine to 
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the condensation of dew on the surface of cubett containing the 
fluid under examination. In this case the following modification is 
rather recommended. 

Method B—5 ml. water are added exact 1 min. after the addition 
of urea with shaking. The developed maximum colour lasts for a 
very considerable time. This method offers no trouble even in 
summer season. 

A suitable concentration of arginine is in a range 1-10 y per ml., 
so that the dilution of protein hydrolysates of 1: 20,000-40,000 is 
found satisfactory. The proper amount of hypobromite must be 
worked out in each unknown solution. This is done by taking a 
series of tubes containing 5 ml. of the solution to be tested and 
increasing the amount of hypobromite drop by drop. This amount 
is usually 2 drops for the standard solution and 2-4 drops for the 
protein hydrolysates. 

This colorimetric method of arginine can be also applicable to 
the determination of glycocyamin. 


Hydrolysis of protein. 


When the colorimetric determination of arginine in protein is 
attempted, the protein must be first hydrolysed by acid. If 20 per 
cent hydrochloric acid is used for this purpose, the complete hydrol- 
ysis is usually attained by boiling over twenty hours under reflux 
condenser. In the course of my investigation, however, I found that 
there is no difference on the arginine reaction between partial and 
total hydrolysates of protein, the partial hydrolysis being performed 
by heating with 10 per cent hydrochloric acid three hours at 100°. 
By this observation protein hydrolysis is carried out as follows: 
1-100 mg. samples are weighed out into a small testtube (1x10 cm.), 
(Fig. 1) added with 3 ml. of 20 per cent hydrochloric acid and heated 
for four hours on a waterbath. After the lapse of 15-20 min., 
contents are carefully stirred with a glass rod, then a glass cap 
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is putted on the tube andthe heating is continued 
being the tube occassionally shaken to give a complete 
mixture of the content. The products of hydrolysis are 
filtered and the insoluble residue is thoroughly washed 
with hot water. The combined filtrates are roughly 
neutralized by cautious addition of dilute caustic soda 
and diluted to the suitable concentration as stated above 
and using 5 ml. of this solution the determination is to be 
carried out. 

To apply this method to the determination of arginine 
in tissue protein a peace of tissue is weighed out into a 
centrifuge tube, treated with alcohol and ether to get free 
of fat and dried. The residue in the centrifuge tube is 
submitted to hydrolysis as stated above and after suitable 
dilution the determination is carried out. It is also 


advisable to check the accuracy of the method by the recovery 


test. 


SUMMARY. 


1. A new colorimetric method for the determination of arginine 


based on a colour reaction with oxine and sodium hypobromite is 


reported. 


2. A simple method of hydrolysis of protein for the arginine 


determination is reported. 


In conclusion I wish to express my hearty thanks to Emer. prof. 
S. Kakiuchi and Prof. K. Kodama for their kind advice. 
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As regards the peptidase activity of molds, investigations were 
done by Abderhalden ef al. (1), Schmalfuss ef al. (2) and 
Otani (3) into Asp. niger while Yamaguchi (4) and Wada (5) 
researched into Pen. glaucum. On the other hand, the existence of 
hippuricase was proved in various fields by various scholars, namely, 
in Asp. niger by Shibata (6), in various species of Penicillia as 
well as in Asp. by niger Dox (7), in Pen. glaucum by Yamaguchi 
(4) and in Asp. oryzae by Neuberg ef al. (8). Otani (9) has 
found the splitting-ability of various species of molds on the benzoyl- 
derivatives of various peptides. The detailed studies followed by 
Johnson e al. (0, 11) and Berger et al. (12) of the proteolytic 
enzymes of many common molds have led them to conclude that 
the proteolytic system of Asp. parasiticus consists of at least one 
proteinase and five peptidases; namely, a dipeptidase, a carboxy- 
polypeptidase, an aminopolypeptidase and two enzymes that hydroly- 
ze diglycine and triglycine. They studied the specificitics of its 
purified aminopolypeptidase only to find out that Asp. parasiticus 
hydrolyses neither benzoyldiglycine nor benzoyltriglycine. The 
purified preparation, made by acetone precipitation from the 4 
month autolyzate of mycelium of Penicillium strains No. 50, No. 233 
and NRRL B,, as Tazawa ef al. (13) reported, attacked gelatin 
remarkably, but never glycyl-DL-asparagin, L-leucyldiglycine, benzoyl- 
glycine and benzoyldiglycine at all. 
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NWealtos 


Having described on the proteinase and the peptonase action of 


Pen. notatum in the previous article (14), the author would like to 


report in this present paper the results obtained from his continuous 


research into the peptidase actions of Pen. notatum. 


EXPERIMENTAL. 
TABLE I. 


Protease action of Pen. notatum (Q 176). 


Enzyme: Pen. notatum, P 176 and Q 176, cultivated as described in 
the preivous report, were used as enzyme sources. The mycelium, which 
was washed repeatedly with physiological NaCl solution, was ground in a 
mortar with 2 times mycelium volume of glycerine-water (1:1) and was 
filtered through gauze. The maceration thus obtained was stored under 
toluene in the ice box and used in the experiments. 

Test solutions: 5 ml. 4% protein or 0,2 M peptide solution+5 ml. 
maceration+10 ml. buffer solution (pH 6.0 and 7.5)+toluene; incubated at 
37°. Control solution, containing only enzyme and buffer without subst- 
rate, was treated in just the same way. 

After a definite time, the acidity increase in 4 ml. digestate was measured 
by the formol titration with 0.1 MN NaOH solution. The values obtained 
from the control experiments were deducted from those of the main experi- 
ments, and those corrected values of the acidity increase are shown in the 
following table. 

Benzoic acid was isolated from the digestate in the following way. 100 
ml. of 0.05 M hippuric acid solution (as Na-salt) was mixed with 10 ml. of 
maceration prepared with 3 times volume of glycerine-water (1:1) and the 
mixture (pH 7.5) was incubated at 37° under toluene after adjusting to 
pH 7.5 for 5 days. Then, the test mixture was again digested after addi- 
tion of 10 ml. of maceration. After the second incubation, which showed 
no more acidity increase, the mixture was filtered and the filtrate was 
extracted with ether at HCl acid reaction. 0.18 g. of crystalline substance 
was obtained after evaporation of ether. M. p. 121° after recrystallization 
from hot water; no depression with benzoic acid. 
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Acidity increase in 4 ml. digestate (ml. 0.1 N NaOH) 
i. ri 6.0 7.5 
_Time hrs. ‘ eats 
Seca — By, 0 T2p 120 a|es 24a 72. ~ S120 
Gelatin 0.44 0.82 0.87 | 0.45 0.80 0.88 
Peptone (Riedel) 1.06 150 1.62 | 1.02 127 129 
Peptone T. 0.14 0,26 039) 023 0.18 0.20 
Protamine 0.41 1.04 1.41 0.42 0.72 0.84 
Glycylglycine 0.14 0.23 0.31 0.58 0.76 0.95 
Triglycine 1,30 1.69 1.76 1.61 1.93 22), 
Leucyldiglycine 0.46 0.46 0.55 0.39 0.42 0.59 
Benzoylglycine O25 0.85 25m Oar 1.10 1.59 
Benzoyl-DL-methionine* 0) 0.06 0.10 0 0 0 
Benzoyl-DL-phenylalanine* 0 0 0.09 0 0 0) 
Benzoyldiglycine 0.07 0.31 0.55 0.09 0.16 0.16 
Acetylglycine 0.28 0.41 0.68 0.17 0.29 0.43 
Acetylglutamic acid 0.50 0 52 0.67 0.17 0.17 0.17 
Acetyl-DL-methionine* 0 0 Onin 40 0 0 
Cl-acetylleucine 0.95 0.98 TEAS yh OMe 0.68 0.80 
0.22 066 078 | 071 083 0.93 


Cl-acetylphenylalanine 


* Pen. notatum, Q 176 N-3 strain, was used. 


TABLE II. 


Peptidase action of maceration and acetone powder (P 176 and Q 


176). 


Enzyme: Maceration prepared with 3 times mycelium volume of 


glycerine-water (1:1). 


The well-ground mycelium was treated with 3 times its volume of 
acetone with stirring and centrifuged down. 
three times, and then it was finally treated with ether. It was filtered 
by suction and dried over H,SO, in a vacuum desiccator after evapora- 


The operation was repeated 
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tion of ether. The acetone powder was used as 2 % water suspension 
in the experiments. 

Test solutions: 5ml. 0.2 M peptide solution+2 ml. maceration or 
2 ml. 2% water suspension of acetone powder+13 ml. buffer solution of 
vorious pH values; incubated at 37°. 


Acidity increase in 4 ml. digestate (ml. 0.1 N NaOH) 


PH | 
Substrate Enzyme hrime 14.09 5:0 16:06:55 7.0 ome (-Oano. OMeOU) 
hrs. 
renee 2A. |e © eee (0,040 aoe 000: ees 
powder te —- — 014 — — 015 — — — 
(P 176) | 4120 =. ah) Oa7 Mes: i (006 = eee 
Diglycine <5 
24 0 0 008 — 010 O17 025018 0 
Mie) | 72 «6©| «© «60 (018 — 023 063 0.45021 0 
120 | O- 0 0.20 — 0.26 0,69 0.47 0.23 0 
| | 
ont 24) = ee 0S) pee eee 
pomder” pi 20 oil at Sb 00 eens 
ee () 120° te Gg cee eee Gene eee ee 
giycie 24 0 0.15 0,20 0.28 0.30 0,29 — 008 0 
tee | 0 0.17 0.62 0.63 0.86 0.83 — 0.10 0 
120 0 0.28 0.77 0.73 1.34 112 — 0.12 0 
es: 24 hee oO) 80 0 Oggi) a eaerommen 
and WE = 0 0 0 0 — 0 O 
Maceration 
Benzoyl: |__(P 176) 120 Sas SO. OOO ra 
Biglycine | 24 0. 10.05 0.45, =< 010) yee eee 
1 * 
MEG Te 72 © W010. 6028 een 
120 OF 03108 055 90:33 ee 


*In this experiment, 5 ml. of maceration prepared with 2 times volume 
of glycerine-water (1:1) and 10 ml. of buffer solution were used. 


TABLE III. 
Proteolytic action (Q 176) of acid treated maceration (pH 4.0). 


Enzyme: Maceration was prepared with 2 times mycelium volume 
of distilled water. 
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After adjusting to pH 4.0 with 3% HCl, the enzyme solution was 
incubated at 37° for a definite time, it was then put back to the 
original pH with 3 % NaOH and used. 

Test solutions: 5 ml. 4% protein or 0.2 M peptide solution+5 ml. 
maceration+10 ml. buffer solution (pH 6.0 and 7.5)+toluene; incubated 
ates 


Acidity increase in 4 ml. digestate (ml. 0.1 N NaOH) 


= ——— Hu 
Time of ae ae 6.0 eo 
acid treat- Mi === pee eras ie _ 
: hrs. 
ment min. Substrate aor) 24 72 120 24 72 120 
Gelatin 0 0) 0 0 0 0 
Peptone (Riedel) 0.22 0.63 0.64 | 0.10 0.31 0.35 
Peptone (T.) 0 0 0 0 0 0 
° Glycylglycine 0 0 0 0 0 0 
Benzoylglycine 0 033 041 O23 50.20 
Benzoyldiglycine 0 0 0 0 0) 0 
Gelatin 0 0 0 0 0 0 
Peptone (Riedel) 0.08 0,35 0,55 | 0.05 0.24 0.31 
Peptone (T.) 0 0 0 0 0 0 
a Glycylglycine 0 0 0 0 0 0 
Benzoylglycine 0 O10 0.40 | 0.02 0.11 0.40 
Benzoyldiglycine 0 0) 0 0 0 0 
Gelatin 0 0 0 0 0 0 
Peptone (Riedel) 0 016 0,33 O- LOnandus 
Peptone (T.) O © 0 | Y © 0 
ay Glycylglycine 0 0 0 ey eek 
Benzoylglycine 0 0.10 0.16 0 0.05 0.16 
Benzoyldiglycine 0 0 0 0) 0 0 
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TABLE _IV. 
Proteolytic action of alkaline treated maceration (pH 9.5 and 11.5). 


Enzyme: Maceration was preliminary incubated at pH 9.5 or at 
11.5 (NaOH) for a certain time and neutralized, then tested in the 
experiment. 


Test solutions: 


The same as described in Table III. 


Acidity increase in 4 ml. digestate (ml. 0.1 N NaOH) 


pH and eee a 6.0 75 
time of =<  Ume h ao 
rs 
treatment Substrate + PAE i WKY Eh TP AWAD 
Gelatin _ 030 0.51 0:77 0.35 0.50 0.60 
Peptone (Riedel) 0:99 1.17 1.21 0.81 0.86 0.86 
pH 95 | Peptone CT.) 0.18 0.22 022 | 0.09 0.09 0.09 
ihe Glycylglycine 0 0.21 037 | 0.17 065 097 
Benzoylglycine O O21 0:54 0 0 0.35 
Benzoyldiglycine 0.03 0.21 048 ‘! 6 <6 
Gelatin 0.27 0.49 0.72 0:05. 0.27 -0:36 
Peptone (Riedel) 0.99 1.08 1.16 087 0.88 1.01 
pH 9.5 Peptone (T.) 0.12 0.15 0.34 0 0 0 
17 brs, | Glycylglycine 015 042 0.48 | 0.67 0.82 1.00 
Benzoylglycine OF OHA 0:33 0 0.19 0.39 
Benzoyldiglycine | 6.03 0.17 08% 1" ¢ 0) 6 
Gelatin 0 0 0 0 ) 0 
Peptone (Riedel) 0.93 0.53 045 | O17 033 O41 
pH 1L5 Peptone (T.) OO) 0 On 0 0 
tae: Glycylglycine QO @ 0 0 0.49 0.43 
Benzoylglycine | Or *O:2% 0 0.07 020 
Benzoyldiglycine 0 0 0 ‘ 0) 0 0 
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Gélatin in eg gery (Tek! ee a 
Peptone (Riedel) 048 040 0.50 | 034 047 0.56 
ates Peptone (T.) 0 O Vr ae, OS” RO 
ae | choles. | | 6 OO Geo on 
| Bewoyiscines- ~=~S—*=«é<‘(O;f SSO OE a ae 
Bénvovidiciveine ; 2 0 ‘ 0 oa 0 | eo: ; 0 i. 


RESULTS AND CONSIDERATIONS. 


The observations were specially concerned with peptidase action 
of the maceration of notatum mycelium (P 176 and Q 176) as well 
as the acetone powder prepared by means of acetone-ether method. 
And examination was also made of the resistance of the enzyme 
against acid or alkaline treatment. 

The results as indicated in Table I, were obtained in the study 
of the proteolytic actions of notatum (Q 176) maceration at pH 6.0 
and 7.5. As proteins, protamine was hydrolyzed remarkably besides 
gelatin and peptone. Among glycine-peptides, both diglycine and 
triglycine were hydrolyzed easily, especialiy at alkaline side and 
leucyldiglycine at both sides though weakly. Benzoylglycine was 
markedly hydrolyzed. Benzoyldiglycine was attacked at pH 6.0 
though not so remarkably, but was hardly attacked at pH 7.5. 
Acetylglycine and acetylglutamic acid were Split, but the latter 
showed only slight acidity increase at alkaline side. Cl-acetylleucine 
and Cl-acetylphenylalanine were also broken down. From those 
observations, the existence of hippurase, acylase and carboxypepti- 
dase, which had been proved in animal tissues, was acknowledged 
also in Penicillium. It must be noted that benzoyl-DL-methionine, 
benzoyl-DL-phenylalanine and acetyl-DL-methionine were not attac- 
ked by the Penicillium enzyme (Q 176 N-3 strain). 

As Table II shows, the optimum pH for the hydrolysis of 
glycylglycine was found to be at pH 7.5, that for benzoylglycine at 
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pH 7.0 and that for benzoyldiglycine (Q 176) near at pH 6.0. 
Hippuric acid was very easily attacked by the maceration and also 
by the acetone powder, which seemed to undergo partial inactivation 
and could scarcely break down glycylglycine. It must be noted here 
that Penicillium shows a more remarkable activity of hippurase than 


that of dipeptidase. 


Benzoyldiglycine was not split. at both sides by P 176 strain, but 
was only weakly hydrolyzed at acid side by Q176. Acetone powder 
had no ability. It should also be remarked here that the ability of 
benzoyldiglycine break down (perhaps carboxypeptidase) was found 
in a strain of the molds. 

According to the report of Otani (9), with the rarest exception, 
benzoylglycine is hydrolyzed far more easily by molds than 
benzoyldiglycine. The above mentioned results of Johnson et al. 
(11) also indicate that Asp. parasiticus cannot attack benzoyldiglycine. 
The results obtained here have perfectly coincided with these 
observations. Even if benzoyldiglycine is hydrolyzed by a certain 
strain, the grade is very weak in comparison with hippurase activity 
as table shows. The investigations by Utzino et al. (15, 16) show 
that the pancreatic enzymes can split benzoyldiglycine but not 
benzoylglycine, and that the carboxypeptidase, therefore, must be 
distinguished from hippurase. These observations indicate that the 
appearance of these both enzymes is different in animals from that 
in molds. 

It is reported by Kimura (17) that acetylamino acids are far 
more easily hydrolyzed by animal organs than benzoylglycine. On 
the other hand, Imaizumi (18) found various cases about Bac. 
prodigiosus, Bac. coli, Bac. proteus and Staphylococcus aureus and 
the. author (19) also found that Bac. Natto generally could easily 
attack benzoyl-derivatives but hardly attacked acetylamino acids. 

Then, here the resistance of enzymes against acid and alkali has 
been investigated, in order to know the properties of the enzymes 


and further to distinguish the enzyme specificity. It is reported by 
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Johnson (10) that the proteinase of Asp. parasiticus is neither 
alkali- nor acidstable and that when proteinase was kept at room 
temperature 14 hrs. long, it lost at pH 3.5, 95% and at pH 9.5, 80% 
in activity. The proteinase of green mold, Tazawa et al. (13) 
observed, is stable for acid and alkali between pH 5.0 and 8.0, but 
decreases gradually its activity according to the increase in acidity 
or alkalinity. In the present work, gelatin, peptone (Riedel and 
Teruuchi), glycylglycine, benzoylglycine and benzoyldiglycine were 
tested as substrates. In case of acid treatment (Table III), only two 
activities of peptone (Riedel) and benzoylglycine-splitting at pH 6.0 
and 7.5 remained and the others, dipeptidase, hippurase and 
carboxypeptidase, disappeared, when the maceration was kept at pH 
4.0 and 37° for 5 to 60 minutes. Even those two actions were 
damaged by incubation at pH 4.0 and 37° for 90 to 120 minutes. 
These observations denote that the mold enzymes are very unstable 
against acid. 

In case of alkaline treatment (Table IV), the enzymes seem to 
be resistant to alkaline incubation at pH 9.5 and 37° for 1 to 17 
hrs. When the maceration, was incubated at pH 11.5 and 37°, it 
diminished considerably each splitting-ability after incubation for 30 
minutes. It was not able to attack gelatin and benzoyldiglycine, but 
slightly glycylglycine at alkaline side after incubation for 60 minutes. 
After treatment for 2 hours it left only activity of peptone (Riedel)- 
and benzoylglycine-splitting. On the whole, peptone (Riedel)- as 
well as benzoylglycine-splitting activity have resistance against acid 


and alkali. 


SUMMARY. 


1) The maceration of Pen. notatum hydrolyzes protamine be- 
sides gelatin and peptone as proteins. It contains also dipeptidase 
(glycylglycine), tripeptidase (triglycine, leucyldiglycine), hippurase, 
carboxydipeptidase, acylase (acetylglycine, acetylglutamic acid) and 
halogenacylase (Cl-acetylleucine, Cl-acetylphenylalanine). 
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2) Both maceration and acetone powder are able to attack 
diglycine and benzoylglycine. The hippurase has rather resistance 
against. acetone treatment contrary to the dipeptidase. The optimum 
pH for the hydrolysis of glycylglycine is found to be at pH 7.5, that 
for benzoylglycine at pH 7.0 and that for benzoyldiglycine near at 
pH 6.0. Benzoic acid was isolated as the product of hippurase action. 

3) Moldenzymes are unstable against acid, leaving only peptone 
(Riedel)- and benzoylglycine-splitting activity by keeping at pH 4.0 
and 37° for 5 to 60 minutes, but these actions diminish after 
incubation for 90 to 120 minutes. 

4) They are rather resistant to alkali and show no inactivation 
when kept at pH 9.0 and 37° 17 hrs. When the maceration is kept 
at pH 11.5 and 37°C, it loses activity of gelatin- as well as 
benzoyldiglycine-splitting after incubation for 60 minutes and it 
remains only action of peptone (Riedel)- and slight benzoylglycine- 
splitting after treatment for 120 minutes. Peptonase and hippurase 


are more resistant against both treatments than others. 


In closing the author wishes to express his deepest gratitude to 
Dr. S. Utzino, Prof. at the Department of Medicine, Kyoto Univer- 
sity, for his kind constant guidance in this research. The author is 
also indebted to Prof. Nakamura (Osaka University) for preparing 
the Penicillium mycelium. 

These investigations owed much to the aid-grants given by the 
Ministry of Education for the Scientific Researches, for which 
author’s thanks are here expressed. 
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ON THE INTERMEDIATE COMPOUND BUILT 
IN THE PROCESS OF CATALASE 
REACTION. * 


By Y. OGURA, Y. TONOMURA and S. HINO. ** 
(Received for publication March 15, 1950) 


On investigating the action of various poisonous substances upon 
Catalase activity, we have observed that the degree of inhibition 
often varied with time showing two distinct phases which we have 
called “initial” and “final” states of the inhibition. Using both 
kinetic and spectrophotometric techniques we were able to make it 
clear that the initial inhibitory state is based on a reaction between 
the poison and the free form of the catalase molecule, “while the 
final inhibition state is brought about by the reaction of the poison 
with a certain state of the catalase molecule which is built as an 
intermediate step in the process of the catalase reaction. Experi- 
mental evidence has been adduced which indicates that the interme- 
diate state in question is a complex in which the catalase molecule 
is combined with H,O. molecule in a reversible manner. Based on 
these findings and inferences we pictured a mechanism of catalase 
action as being composed of the following three consecutive reactions: 


ky Ss 

E -}. S) = ea () 
ky! 

Ss ko S 

Erte to, aS: eae ESE (2) 
or 

Ss k3 

SE ae 2 E + 2H3O0 + O, (3) 


* Most contents of this report have been addressed at the Symposium on 
Enzyme Chemistry held by the Chemical Society of Japan at Kyoto, in April, 


1947. i 
** Botanical Institute, Faculty of Science, Tokyo University, and the Research 


Institute for Catalyser, Hokkaid6 University, Sapporo. 
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where E is the free catalase molecule, S hydrogen peroxide, E the 
intermediate complex in question, and ae complex in which another 
molecule of H,O, is bound reversibly to E. It is assumed that the 
reaction (1) can take place almost instantaneously and that the 
equilibrium attained is shifted extremely towards the right-hand 
side. According to these assumptions, it is inferred that on the 
addition of H,O, to a catalase som tion practically all existing 
catalase molecule will take the forms E or SE. At the stationary 


state the concentration ratio of these two forms will be 


f+ _ CB 


and the rate (v) at which hydrogen peroxide is decomposed will be 


Oe eng Se 


In ordinary experiments of catalase reaction we usually use a 
rather low concentration (about 102° mole/lit.) of hydrogen per- 
oxide, and under such a condition it is known that the rate v is 
directly proportional to the concentration of hydrogen peroxide. 
This means k2 (SD) € ko! +k; in Eq. (4), so that in ordinary experiments 
CEJ (SE), 2. e. practically all existing catalase molecules will 
assume the form of E when a small quantity of H,O, is added to 
the catalase solution. 

If a certain poison (G) is added...... in the absence of H2Osz....., to 
a Catalase solution, the following reversible reaction occurs 

Ke 
E + G mae EG (5) 

When H,0, is added to a system in which the equilibrium between 
E and G had been attained, all existing E will be changed into E, 
entailing the destruction of the equilibrium (5); the poison G will 
then commence to react with E in the following manner; 


S Ss 
Bo She GG (6) 
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As we have shown in one of our previous papers (1), the degree 
of inhibition (H) defined by 


Si eee 
H=1——§ (7) 


(Vg and V denoting the apparent velocity constant of H:,O, 
decomposition in the presence and absence, respectively, of the given 
poison), follows, both at the “initial” and the “final” states, the 
equation : 


G 


A niet 


(8) 


where G is the concentration of the poison and ¢ a constant corres- 
ponding to the poison concentration causing 50% inhibition. The ¢$- 
values in the initial state is usually larger than that in the final 
state, so that the degree of inhibition becomes larger as the inhibition 
proceeds from the initial to the final state. On the assumption 
described above the ¢-values at the initial and final states are 
nothing but the dissociation constants of EG and ey respectively, 
and the fact that the transition from initial to final state takes place 
with a measurable velocity indicates that the reaction (6) between 
B and G occurs rather slowly. The only exception to this rule was 
the behavior of cyanide which showed no distinction between the 
“initial” and “final” states. In this case it appears that the poison 
reacts with E very rapidly, and the resulting EG seems to have the 
same dissociation constant as EG. 

While the series of our studies reported here as well as those 
reported earlier (J, 2.3, 4 and 5) have been completed without 
being able to be published in due time in foreign languages, the 
papers of Chance (8) have become available to us, which...... in our 
opinion...... brought out extremely important data in support of our 
hypothesis outlined above. This worker has found that on the ad- 
dition of H,O, to a catalase solution the light absorption at 405 my 
decreases by about 10%. Taking advantage of this fact and using 
the flow-method originally invented by Hartridge, Roughton and 
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Millikan, Chance measured the velocity and equilibrium of the 
formation of H,O,-catalase complex which he thought, with good 
reason, to be an intermediate of the catalase reaction. According ue 
our opinion, the complex observed by Chance is nothing but E 
postulated in our theory, which can be shown by the fact that the 
kinetic data obtained by Chance coincide satisfactorily with quantita- 
tive deductions drawn from our theory. 

The investigations reported in the present paper deal with three 
objects: (1) to study in detail the kinetic aspect of the reaction 
between G and E using slow reacting poisons, sodium azide and 
o-chlorophenol, (2) to substantiate our assumption of the intermediate 
complex E using monomethyl hydrogen peroxide as a substitute of 
hydrogen peroxide, and (3) to interprete the data reported by Chance 
on the basis of our theory. 

Experiments were made, as in the previously reported. works 
(1 and 6), with purified equine liver catalase, using methods already 
described in detail. All experiments were carried out at. pH 7.0 
(phosphate buffer of 1/150 mole/Iit. in final experimental solutions). 


The velocity of veaction between the intermediate catalase complex 


S 
(E) and some poisons. 


It is assumed that, owing to the rapidness of reaction (1) and 
the fact that its equilibrium is shifted extremely toward the right- 
hand side, practically all catalase molecules will be converted into 
the form E as soon aS H»O»2 is added to the catalase solution. If 
such a poison as azide or phenols is added together with HO, to 
the catalase solution, the first event to occur will also be the total 
conversion of existing catalase molecule into E which, however 
gradually, reacts with the poison in the following manner: 


ks Ss 
— 


S 
eats = Ae (9) 
ks 
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As long as the reaction towards opposite direction can be 
neglected, the velocity of the reaction will be 


eS ae (10) 


Denoting the total concentration of catalase by ©, viz. 
Ss S 
€ = [E] +-(EG) 
we have from (10) 


Ss S Ss) 
— in CEI/CE I) _ _—In CEAs/e | 
ie [Gira eT: oe 


where k; is the velocity constant and CE} the concentration of E at 
t seconds after the addition of the poison. 

As the reaction (9) proceeds, the rate of H2O, decomposition will 
correspondingly be decreased, since the decomposition rate is propor- 
tional to the concentration of E at each moment. The degree of 
inhibition (H;) at the time t, as is defined by Eq (7), can be ex- 
pressed by 


Ss 
Hy =1— Eee - (12) 
which will become gradually larger as the reaction (9) proceeds. 
Substituting this relation into (11), we have 


ain A-ii) 


i FCirce = constant. GS) 


Test was made of this equation by using sodium azide and o-chloro- 
phenol as poisons and determining the H-values at different moments 
after addition of the poison. The time courses of H2O2 decomposi- 


tion observed in the experiment with azide are illustrated in Fig. 1. 
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1,0 


Adilion of NaN¢ 


Seconds 


Fig. 1. Characteristic bending of the loglH20Oej-t-curve occuring on 
the addition of NaN3 at pH. 7.0 and 0°. 


—O-—: control; the log(H»Oe)-t-curve in absence of NaN3. 
——(B—-: the log({H2O2)-t-curve in presence of NaN3 (10-75 mole/lit.). 
—@—: 


the log(H202}-t-curve in presence of NaN3 (10-7.0 mole/lit.). 


‘ 
RABE Mle 


Determination of the velocity constant ks for azide and o-chlorophenol. 


(at pH 7.0 and 0°). 


To a buffered catalase solution (16 ml. of 1/120 mole/lit. phosphat 
buffer) was added, at first, 2.0 ml. of H2O> solution (ca. 0.1 mole/lit.) ; after 30 
seconds, 2.0 ml. of poison solution wss introduced and by titrating the remain- 
ing H2O2 at different times, the gradual increase of the H-value was traced. 
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Azide 
i 15 45 75 105 
p (NaN3)* 1-H, 0.89 0.78 0.62 0.29 
275 ; 
log ks 5.36 B25 bis2 yay 
Nana | 1 — GH; 0.72 0.50 0.36 0.16 
= (AU) f ; 
log k5 2.30 5.24 5.10 5,24 
average value of k;=105.39 Jit,/mole-sec. 
o-chlorophenol 
_ t Gee.) 45 90 |e © als 
rN. | 
p CHO— j 1— H; Only 0.31 | 0.55 
eee | 
| 
Ey as log ts | 1.84 1.72 1.77 


average value of k;=101.% lit./mole-sec. 


In conformity with our expectations, the H-values which varied 
with time gave constant &;-value when applied to Eq. (13). The 
average values of the constant were as follows: 

k3=10°-0 lit./mole-sec. for azide, 


ks=101-8 lit./mole-sec. for o-chlorophenol. 


To make clear the nature of the reaction in question, further 
experiments were made on the influence of ionic strength upon the 
velocity constant k;. Change of ionic strength of the medium was 


effected by adding varying concentrations of sodium sulfate, which 


*p (Na N3J= — log (Na N3) 
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itself has been confirmed to be non-injurious upon catalase action at 
least in a concentration below 0.04 mole/lit. The results obtained 
were worthy of note; while the reaction between azide or fluoride 
and E£ was not influenced at all by the variation of ionic strength, 
* the corresponding reaction of o-chlorophenol was decidedly retarded 


S 


by the increase of ionic strength of the medium. (See illustration 


= 


4 oSImalf, | 


log (4,2, | 


| | 
0 60 420 4f0 940 
Secondd 
Fig. 2. Bending of the log(H:O2)-t-curve occuring on the addition of 
o-chlorophenol, and its modification under the effect of ionic strength of the 


medium: (ionic strength being varied by the addition of NagSO, in different 
concentrations). 


This experiment was carried out at pH. 7.0 and 0° 


——O-—: control; the log(H202}-t-curve in absence of o-chlorophenol 
and Na2SQq4. 

—(g——: the log (H2Q2)-t-curve in presence of o-chloropheno! (10-39 
mole/lit.) and in absence of NasSQ4 

——@—: the log (H202)-t-curve in presence cf o-chlorophenol (10-39 
mole/lit.) and NasSO4 (0.02 mole/lit.) 

—@-——-: the log(H2O2)-t-curve in presence of o-chlorophenol (10-39 


mole/lit.) and NagSO4 (0.034 mole/.it.) 
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in Fig. 2.) These results may be taken as an evidence that the 
former is a reaction between neutral molecules, while the latter 
represents a reaction between a cation and an anion (7). This 
conclusion will afford an important clue to the interpretation of 
various phenomena relating to the pH-dependency of ¢$-values as 
will be shown in a later report (10). 


Reversible complex built of monomethyl hydrogen peroxide 
with catalase, and its significance as a counterpart of 
the intermediate H,O:-complex of catalase. 


In one of the previous reports (1) we have shown that by previous 
treatment of catalase with a small quantity of H,O2, the phenomenon 
of “initial” inhibition can be totally abolished, the inhibition taking 
its “final” course from the very beginning of the experiment. Quite 
similar phenomenon can be brought about by pretreatment of catalase 
with monomethyl hydrogen peroxide which has a chemical structure 
analogous to hydrogen peroxide. 

An experiment carried out with sodium azide may serve as an 
example. (See Fig. 3.) A Solution (17 ml. in vol.), in which catalase 
and azide have been allowed to establish their equilibrium E+G= EG, 
was supplied with a small quantity (1 ml.) of monomethyl hydrogen 
peroxide solution (final concentration about 10-%° mole/lit.), and 
after a lapse of different lengths of time (2, 5, 10, 20, 30 and 40 
minutes) 2.0 ml. of H:O2 solution (final concentration 10-2° mole/lit.) 
was added and the course of H»O2 decomposition was followed by 
titration. As was the case with the pretreatment with H,O:, the 
course of the log (H2O2)-t-curve is a function of the period of pretreat- 
ment (7. €. the interval between the addition of monomethyl hydrogen 
peroxide and the addition of H,O2 to be decomposed); as the period 
increased, the grade of inhibition also increased, but when the period 
exceeded 10 minutes, the log(H:O2)-t-curve became linear showing 


the constant inclination which may be regarded as corresponding to 
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) 2 3 
Minuleg 


Fig. 3. Effect of pretreatment with monomethyl hydrogen peroxide on 
the course of log(H202]-t-curve shown by catalase solutions previously set in 
equilibrium with 10-75 mole/lit. NaN3 at pH. 7.0 and 0°. 


Length of the pretreatment: ——-(@—— 2 min; ——-@)—— 5 min; 
—@®—; 10, 20, 30 and 40 min. 
—-O—: the log{H»:Qo)-t-curve in absence of monomethyl hydro- 


gen peroxide and in presence of NaNg3 (1077-5 mole/lit.). 


the “final” state observed in ordinary experiments. In the case of 
pretreatment with H,O:, this state was attained when the period of 
pretreatment was about 10 minutes, and when the pretreatment lasted 
longer, the log(H2O,1-t-curve began to deviate from the “final” 
course, gradualiy nearing the course which was shown by the solu- 
tion without pretreatment. This phenomenon was explained as being 
due to the disappearance of HO, caused by the poison free form of 
catalase molecule existing in the test solution. The absence of such 
a phenomenon in the case of pretreatment with monomethyl hydro- 
gen peroxide is obviously due to the fact that the substance is 
practically inert towards the action of catalase. 
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That the monomethyl hydrogen peroxide combines with catalase 
molecule can be demonstrated by the observation of absorption band 
of the mixture using microspectroscope. Unfortunately, however, the 
precise nature of this spectrum could not be followed out owing to 
the fact that the spectrum gradually changed during observation. 
This change of spectrum was caused by gradual decomposition of 
monomethyl hydrogen peroxide by the action of the catalase which 
must have been added in as high a concentration as 10-59 mole/lit. 
in spectrophotometric experiments. It must be remarked that this 
decomposition reaction can totally be neglected in kinetic experi- 
ments in which the concentration of the catalase applied was al- 
ways less than 10-79 mole/lit. By using ca. 10-79 mole/lit. catalase 
solution, it was confirmed that the concentration of monomethyl 
hydrogen peroxide remained constant for more than 30 minutes. 

As may be expected, monomethyl hydrogen peroxide itself, 
owing to its ability to attach itself to the catalase molecule, probably 
occupying the site to which H,O, links, behaves as an inhibitor upon 
the process of H,O, decomposition by catalase. The degree of 
inhibition increases with the progress of H»,O.-decomposition, a phe- 
nomenon similar to that observed with many other inhibitors. At 
its “initial” state, the inhibition-pG-curve represents a_ typical 
sigmoid of the first order, showing the ¢-values* of 10-56 mole/lit. 
and 10-58 mole/lit. at 2.5 and 10 seconds, respectively, after the 
addition of H,O2. At the “final” state the curve deviated remarka- 
bly, for some reason obscure at present, from the curve of first 
order sigmoid. (See Fig. 4.) In the present paper, we shall not enter 
into details of the inhibition caused by monomethyl hydrogen 
peroxide alone, but restrict ourselves to the description of phenomena 
which were observed when monomethyl hydrogen peroxide was 
combined with other poisons whose action mechanism have been 


studied in detail in our previous works (J and 6). 


* These §-values were estimated at pH 7.0 and 0°. 
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VA) , y 40 
pf 


Fig. 4. Inhibition-pG-curves of monomethyl hydrogen peroxide at pH. 
7.0 and 0°. 

Left; the reaction was stopped at 2.5 seconds after additon of hydrogen 
peroxide. 

Right; the reaction was stopped at 10 seconds after addition of hydrogen 
peroxide. 


The experiments were carried out in the following manner: a 
catalase solution (9 ml. in volume buffered with 1/135 mole/lit. 
phosphate to pH 7.0) containing monomethyl hydrogen peroxid (M) 
and a poison (G) to be tested was allowed to attain the thermal 
equilibrium between M, G and catalase at 0°. To this solution 1.0 
ml. of H,O, solution was added and after 6 seconds, the quantity of 
H,O02 decomposed was measured by the method described in our 
previous papers (J and 6). Varying the concentration of the poison 
G, while that of M was kept constant at 10-65 mole/lit. or 1077.0 
mole/lit., the degree of inhibition caused by G as a function of its 
concentration was followed. As in our previous paper (6), the 
degree of inhibition in this case was defined by* 


V {2 
Ay = 
ihe V; 
Where V; stands for the apparent velocity constant of HO, decom- 


position in the presence of a definite concentration of M, and Vj. 


*Cf. our previous papers for the meaning of various notations used here. 
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that in the presence of the same quantity of M and varying concen- 
In the concentrations applied, 10-65 mole/lit. and 10-70 
mole/lit., monomethyl hydrogen peroxide itself caused only about 


trations of G. 


20 % and 10% inhibition, respectively. As the poison G, we tested 
representatives of the three types discussed in our previous paper, 
namely, cyanide, azide and o-chlorophenol. In all cases, the inhibi- 
tion-pG-curves were found to represent a sigmoid of the first order. 
From these curves, the values fi2 were obtained and these were 


compared with &2 which were shown by the poison in question in 


the absence of M. 


(A 


90 £0 pee SO) a thO 


pe 


Fig. 5. Inhibition-pG-curves of azide in the presence and absence cf 
monomethyl hydrogen peroxide. (pH. 7.0) 


Os 
=o: 
—@—: 
1) Azide. 


10-70 mole/lit. 


in the presence of 10-7.0 mole/lit. monomethyl hydrogen 
peroxide (0°). Total concentration of catalase used was 
e=10-71 mole/lit. p$12=7.3 

Final state in the absence of monomethyl hydrogen peroxide 
(0°) pf/=7.7 

Initial state in the absence of monomethyl hydrogen 
peroxide (7°C) p#=5.5. 


The $12-value shown by azide in the presence of 


monomethyl hydrogen peroxide was 10-73 mole/lit. 
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at 0°. In our previous paper (1), we had found that the “initial” 
and “final” <¢-values of azide were 10-55 mole/lit. (at 7°.) and 
10-77 mole/lit. (at 0°.), respectively. (See illustration in Fig. 5.) The 
fact that the $j2-value is of the same order of magnitude as the 
“final” /-value, both being remarkably smaller than the “ initial” 
¢-value, may be regarded as a strong evidence that, by the influence 
of monomethyl hydrogen peroxide, the catalase molecule undergoes 
a certain change which is quite analogous to that caused by the 
influence of H»O>. 

2) o-Chlorophenol. With this poison the ¢j,-value in the 
presence of 10-7° mole/lit. monomethyl hydrogen peroxide was found 
to be 10-48 mole/lit. at 0°., a value which is again comparable 


with the “final” $’-value of 10°52 mole/lit. at 0°., but a good 


4.0 


Ly 0. }-------- 


0.0 eee 


Fig. 6. Inhibition-pG-curves of o-chlorophenol in the presence and 
absence of monomethyl hydrogen peroxide (pH 7.0). 


—O-—-: in the presence of 10-7.0 mole/lit. monomethy] hydrogen 
peroxide (0°) p$j2=48 

——(———: Final state in the absence of monomethyl hydrogen peroxide 
(0°). p’ $= 52 

——@——-: [Initial state in the absence of monomethyl hydrogen perox- 


idel@2) apie =e. 
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deal smaller than the “initial” $-value of 10-21 mole/lit. at (he 
(See illustration in Fig. 6.) 

3) Cyanide. The phenomena observed with cyanide were some- 
what different from those described above. The $j2-value found in 
the presence of 10-6 mole/lit. monomethyl hydrogen peroxide was 
10-615 mole/lit. at 0°.; this value is the same as the ¢-value 
(10-62 mole/lit. at 0°.) observed in our previous experiment (1). 
As was emphasized in our earlier report, cyanide has a peculiar 
property showing no distinction between “initial” and “ final” state 
in its inhibitory action upon catalase. This fact was explained by 
the assumption that cyanide has the same affinity to E and E with 
which other poisons such as azide and phenols react with different 
affinities. The fact that the $-value of cyanide is not modified by 
the presence of monomethyl hydrogen peroxide seems to provide 
further evidence for our assumption that the complex built of this 
substance and the catalase represents a relevant counterpart of 
the intermediate H,O,-complex which we have designated by the 


Ss 
symbol E. 


The interpretation of the data reported by Chance. 

By the elaborate technique of flow-method, Chance (8) has 
ascertained that the primary reaction between H,O», and catalase 
proceeds at a velocity of 107-8 lit./mole-sec. and that the reverse 
of this reaction occurs at a rate. of 10-1” 1/sec. The dissociation 
constant of the complex in question is, therefore, about 10-% 
mole/lit. These values were measured at room temperature 
which, for the present purpose, may be assumed to have been about 
202, 

Besides the important data obtained by Chance, there are now 
available two more quantitative data concerning the kinetics of 
catalase reaction. In an experiment to be reported later (10) we 
have measured the Michaelis constant of the catalase reaction and 
obtained the figure: 10-°%3 mole/lit. at 22°. On the other hand, it 
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was ascertained by Bonnichsen, Chance and Theorell (9), that 
the overall velocity constant of the catalase reaction is 1075 
lit./mole-sec. at 22°. 

Based on these data, we can now assign concrete figures to the 
various rate constants of the three consecutive reactions, (1), (2) 


and (3), which we assumed for the catalase reaction ; v7z. 


hk,’ =1071" 1/sec. 
ko! /Ro=10-°-3  mole/Lit. 
k3=10851 1/sec. ko! > kz } 


ki =10748 lit./mole-sec. | 


at about 20°C. 


The reasoning for deducing these figures is as follows. According to 
S Ss 
our assumption, the concentrations of E and SE will change with the 


following velocities: 


SS) © Ss S 
ae = k; CE) (S$) +k! (SE) — ky! CE) — & CEI CS) 
S 
2 Ss S 
dd — =k, (E) (S1— Ck + hs) CSET 
Ss 
At the stationary state cae =0 and eee = 0, so that 
b= a 7 
4 cS = ke 4 
DiC ee co) Ch fo) Le. oe 
ane | | Rik (SP € 
Ss (Ri +k, (SI+k2 (SI) Cho! +h3)—Rok! (SI+k, ke CS)? OY 


Since the velocity of H:O2-decomposition is 


—d (Sl 
dt 


d £0 S 
= 29 he =? ky (BS) 


we have 
2 kp hk 3S Icss 


ans eGe ee, me ky’ +k: (SJ— a a 0) (16) 


If k; is so large as to ay the condition 


Lee 
ky » he cis Rp» hl ke Cle 


eS 
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then 


= 2 ks. € £5) 
== if 

cS} ete as (18): 
2 
which indicates that the Michaelis constant of the catalase reaction 

/ 

is fates Assuming that k)! > k:;, we have, as is given above, 
ko! /ko2=10-°3. mole/lit. In ordinary experiment of catalase reac- 
tion, the concentration of H,O, applied is of the order of 10-2° 
mole/lit., a value which is by far smaller than the Michaelis constant 
mentioned above. Under such a condition, Eq. (4) may be abbrevi- 
ated to 


The value 2 LEP. is the overall reaction constant, which has been 


found to be 10/- lit./mole-sec. Considering the value of k2//k2 given 
above, we have: k3;=106% 1/sec. 

From Eq (14) it follows, that under the condition CS) « 10-03 
mole/lit. 


Ss 
Csilt—e 


-which means that, at the stationary state all existing catalase 
molecules are converted into the form of E. This inference is in 
good harmony with our assumption that the H»,O:-catalase complex 
studied by Chance is nothing but EB postulated ia our theory. 

Considering the relative magnitude of k, and k,’, ki (SJ will be 
overwhelmingly larger than k,’ under ordinary experimental condi- 
tions. The condition postulated by (17) is, therefore, 


ky > ke ce Boe) 


which will also be fulfilled when, as we have assumed, hk,’ is very 


large compared with k3. 
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SUMMARY. 


(1) In continuation of works previously reported, quantitative 
studies were made on the transition phenomena occuring in the 
inhibitory action of various poisons upon catalase reaction. Further 
evidence was adduced in support of the hypothesis, advanced in the 
preceding paper, that the “ final” state of inhibition is brought about 
by the reaction of the poison with the catalase-H,02-complex which 
is formed in an intermediate step of the catalase reaction. 

(2) Using azide and o-chlorophenol, the velocity constant of the 
reaction between the catalase-H,O.-complex in question and the 
poisons was determined. From the data on the effect of ionic 
strength of the medium upon the velocity of the said reaction, it was 
concluded that the reaction between the complex in question and 
azide is non-ionic, while the reaction between the complex and 
-o-chlorophenol is ionic. 

(3) By the pretreatment-technique, as was effected with H ;O2 
in our previous work, it was shown that a compound quite homolo- 
gous to the catalase-H,0:-complex mentioned above is formed bet- 
ween Catalase and monomethyl hydrogen peroxide. This compound 
was found to combine with various poisons with the affinities which 
are of the same order of magnitude as those shown by the catalase- 
H:O.-complex towards the respective poisons. 

(4) It was discussed that the catalase-H,O.-complex, the forma- 
tion of which was studied kinetically by Chance using the technique 
of flow-method, is nothing but the complex postulated in the au- 
thors’ theory. Taking duly into account the data reported by 
Chance (8) and by Bonnichsen, Chance and Theorell (9) and 
also by using some data obtained in the authors’ experiment to be 
reported later, concrete values of velocity constants were assigned 
to each intermediate step of catalase reaction assumed in the authors’ 


theory. It was thus shown that the kinetic schema: 


Ss 
Ee ee SS Sees 
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Ss 
E + S) pases SE 


e 
SE > E +- 2H,O + O» 
S 
(E: free catalase molecule, S: hydrogen peroxide, E: the inter- 
S 
mediate complex, SE: a complex in which another molecule of H,0, 
S 
is bound reversibly to E), represents the simplest and satisfactory 
Picture in alignment with all kinetic evidences known for the process 


of H,O, decomposition by catalase. 


The authors desire, in this opportunity, to thank Dr. H. Tamiya for his 
encouragement and support in carrying out this research. Thanks are also due 
to the Ministry of Education for a grant which enabled the research to be 
carried out. 
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AMYLASE VALUE IN THE ORGANS AND 
TISSUES OF VARIOUS ANIMALS. 


By 
SADAO OKAMOTO. 
(Dept. of Internal Medicine, Div. 11. Hyogo Prefectural Medical College.) 
(Chief: Prof. Masaji Takeda.) 


(Received for publication on April 3, 1950) 


Numerous literatures were publicated in both experimental and 
clinical aspects in relation to the amylolytic activity of the body fluids 
in this country as well as abroad (references omitted). However, 
it has called our attention, that very little work has been done in 
the experimental studies of the amylolytic activity in organs and 
tissues. It is assumed that this is because the method of amylase 
determination in organs and tissues heretofore reported, thought to 
_ be either lacking in completeness or faced difficulty either in its 
procedure or theoretical reason. 

In determining amylolytic activity of organs and tissues, the 
following methods have been reported and these methods are same 
as in the case of blood. 

(a) Indirect method: Determination by products of decomposi- 
tion formed by enzymatic action on substrate, that determines 
the reductive substances. (1), (2), (3), (4), (5). 

(b) Direct method: Determination by quantitative change of 
substrate itself occured in digestion. (6), (7), (8). 

In Method, (A) beside accompanying disadvantage just as in the 
case of urine or blood, a particular attention has to be paid to the 
reductive substances other than sugars, which are present much in 
their own organs and tissues. 

But, method (B) is also unsatisfactory in its sensitivity or accu- 


racy, whether it is the method to determine digested starch or the 
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nephelometric method to evaluate digested glycogen. Since these 
methods already reported accompany more or less disadvantages in 
their theoretical reason as well as in practice in the quantitative 
determination of amylase in organs and tissues, Nakahira has 
devised a new method of determining amylase value in organs and 
tissues. In his method he used glycogen as a substrate, and as to 
evaluate quantitative change of substrate glycogen digested by amy- 
lase in the organs and tissues, he applied organs and tissues glycogen 
determination method orginated by Yamamoto, and adopted 
results obtained by basic and enzymological preliminary experiments. 

It is well known, how amylase value of body fiuid is applicable 
for practice, and for clinical diagnosis and prognosis. At the same 
time, experimental studies demonstrated the changes of amylase 
value of body fluid in all types of metabolic abnormalities. Never- 
theless, as far as to amylolytic activity of organs and tissues, 
very little study has been done and the results thus far obtained 
have been based on the methods heretofore in use which appeared 
to be far from completeness. Moreover; in order to ascertain the 
sources in the changes of amylase value of body fluid, it is necessary 
for us to know fully the relation between changes in amylase value 
of organs and tissues and chose in amylase value of body fluid, of 
animals in normal and abnormal metabolic conditions. To find out 
changes in amylase value of organs and tissues, it also necessitates 
to get accurate data as to amylase value of organs and tissues in 
normal condition of various animals. 


Thefefore, the author used the method devised by Nakahira in 
determination of diastase value of the organs and tissues of various 
animals and simultaenously determined the amounts of glycogen in 
organs and tissues by Yamamoto’s method, thus attempted to clar- 
ify the next basic problem related to amylolytic activity of enzyme. 
(1) What are the differences among amylolytic activity of organs 

and tissues in the same animal? 


(2) What are the differences among amylolytic activities of various 


Amylase Value in the Organs and Tissues of Various. 271 


animals in the same organs and tissues? 


(3) What relation are there between amylolytic activity and quanti- 


tative glycogen value in organs and tissues? 


Resulis of Experiments 


Diastase value in organs and tissues of various animals, namely, 


rabbits, rats, guinea pigs, bull frogs, chicken, and pigeons were 


determined. The results are shown in Table I. 


i 


The following results were obtained according to Table I. 

In general, diastase value was highest in kidneys and then in the 
order of livers, lungs and the lower figure were shown in skins, 
muscles, and brains. 

In chicken, amylolytic ferment could not be demonstrated at all 
in skins and brains. 

Of animals, generally speaking, diastase value in organs and 
tissues were highest in rats and guinea pigs. 

In animals, glycogen content was highest in livers and showed 
relative increase in diastase value as well, but not the highest. 
In muscles, diastase value was lower despite of higher glycogen 
content in general, while in kidneys, diastase vlaue pointed higher 
in spite of extremely low glycogen figure. 

It appeared that not much relation existed between glycogen 
content and diastase value of organs and tissues except the liver. 
Hence, relation between diastase value and free sugar or hydrol- 
yzable sugar or total sugar contents which closely followed quan- 


titative relation with glycogen content, seemed to be rather slight. 


Summary 
Diastase values in the organs and tissues of rabbits, rats, guinea 
pigs, bull frogs, frogs, chicken and pigeons were determined by 
the method of Nakahira. Also, glycogen quantities in the 
organs and tissues were determined by Yamamoto’s method at 


the same time. 
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2. Among animals, rats and guinea pigs indicated highest diastase 


values in their organs and tissues. 


Diastase values were higher in the order of kidneys, livers and 


lungs in various organs and tissues, while, lower in skins, muscles 


and brains. 
4. In chicken, no demonstrable amylolytic enzyme was found in skins 


and brains. 


5. It appeared that very little relation existed between the diastase 


value and glycogen of respective organs and tissues. 


1) 
(2) 


(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 


(10) 
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The physiological action of insulin was investigated by many 
workers, but still it is not sufficiently clear what stage of carbo- 
hydrate metabolism is the chief point of insulin action. Since in 1943 
alloxan diabetes was discovered by Dunn, Sheehan, and McLetchie 
(1), Brunshwig, Allen, Goldner, and Gomori (2), Bailey and 
Bailey (3), investigations on the experimental diabetes have shown 
rapid progress. Price, Cori, and Colowick (1945) (4) found that 
the hexokinase activity of rabbit tissues was inhibited by anterior 
pituitary extracts, while this inhibition was counteracted by insulin, 
and thus insulin accelerated the production of glucose-6-phosphoric 
acid from glucose under the existence of adenosine triphosphoric acid. 
Broh-Kahn and Mirsky (1947) (5) repeated the experiments of 
Price, Cori and Colowick, and stated that such results were not al- 
ways observed, and also that the inhibition of hexokinase was brought 
about by some extract of spleen, too. Later, Colowick, Cori, and 
Slein (1947) (6) reported that adrenal extracts also inhibited the 
action of muscle hexokinase, and insulin counteracted this action. 
But Stadie and Haugaard (1949) (7) could not find any decrease 
of hexokinase activity in the muscles and livers of alloxan-diabetic 
rabbits. 

Krahl and Cori (1947) (8) found the decreased glucose utiliza- 
tion of isolated diaphragms of alloxan-diabetic rabbits and the 


utilization was recovered by adrenalectomy or the addition of insulin 
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to the test fluid. The diaphragms of hypophysectomized rabbits 
showed the improved glucose utilization and this was further 
improved by the addition of insulin (9). Improved glucose utiliza- 
tion and glycogen formation of isolated diaphragms by the addition 
of insulin were also observed by Gemmill ef al. (1939, 1941) (10) and 
Stadie, Zapp (1947) (ILD, but Perlmutter and Greep (1949) 
(12) could not find any differences between the diaphragms of 
hypophysectomized and normal animals. 

Thus the effect of insulin on the glucose utilization in the animal 
body is a noteworthy problem in the light of newer investigation. 
The author wished to contribute to the solution of this problem, by 
examining the blood glucose, lactate, and pyruvate in the normal 
and alloxan-diabetic rabbits under various conditions. The results 


obtained are described below. 


EXPERIMENTAL 
Methods 


Male or female rabbits, weighing about 2 kilograms, were used, 
which were kept on the laboratory diet for several days before the 
experiments. To determine the blood constituents, the rabbits were 
always not fed for 16 to 18 hours before the experiments. After 
the rabbits were fixed as calmly as possible, they were kept at the 
fixed position at least for 25 minutes, in order to eliminate the effects 
of stimulation. The blood samples were withdrawn from the rabbits 
by heart puncture. 

To make the rabbits diabetic, a 5 per cent solution of alloxan 
monohydrate in saline was injected intravenously in a dose of 200 
mg. per kilogram of body weight. When the hypoglycemic convul- 
sions took place following the injection, about 1-2 ml. of 20 per cent 
solution of glucose were injected intravenously each time. 

To observe the effects of insulin, glucose, or glucose plus insulin, 
the following doses were injected intravenously: (1) insulin 
‘CMiniglin), 0.8 units per kilogram of body weight, (2) glucose, 2.0 
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g., dissolved into 10-12 ml. of water, per kilogram of body weight, 
(3) the same doses of insulin and glucose as above, mixed. The 
blood samples were obtained from the rabbits before and 15, 30, 
60, 120, 150, 300 and 420 minutes after the injection. 

Blood sugar was determined by the modification of Fujita- 
Iwatake’s of Hagedorn-Jensen’s method (13), blood pyruvate 
by the Shimidzu’s modification (14) of Friedemann-Haugen’s 
method (15), and blood lactate by Barker-Summerson’s method 
(16) with Pulfrich’s Stufenphotometer. 


Results 


1) Blood sugar, lactate, and pyruvate af alloxan-diabetic rabbils— 
Blood sugar, lactate, and pyruvate values of alloxan-diabetic rabbits 
were compared with those of normal rabbits. The average values 
of 38 normal rabbits and 25 alloxan-diabetic rabbits are shown in 
Table I. In spite of the remarkable increase of the blood sugar in 


the diabetic, the blood lactate and pyruvate never increased, so that 


aVAVS eae 
Conc. in ‘ 
Blood (mg/d!) max. min. average 
Normal Rabbits (38) 
Sugar 172.8 88.8 HAO) se Sy(oy) 
Lactate 177.0 ZS 67.6 + 5.94 
Pyruvate 6.16 0.76 ZOE O20 
Sia 6.64 0.68 Zoleem O38 
Sy BP 126.6 19.47 46.51 + 3.605 
eae 80.95 5.98 PAS a= ALShaN0) 
Diabetic Rabbits (25) 
Sugar 488.0 200.3 329.9 + 15.19 
Lactate 210.0 21.8 G32 wee elas 
Pyruvate 3.85 1.05 2.24+ 0.619 
Sis 15.79 1.36 6.76 + 0.689 
Sasa TAS ay) 61.20 174.6 + 19.12 


Ia 59.66 1.33 eva PAAes is, 
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the ratio of lactate or pyruvate to sugar decreased remarkably. 
There were no differences of the ratio of lactate to pyruvate bet- 
ween the normal and alloxan-diabetic rabbits. 

2) The effects of insulin injection—Six normal and four alloxan- 
diabetic rabbits were used to observe the effect of insulin injection 
on the blood glucose, lactate and pyruvate. In the normal rabbits 
the blood sugar began to decrease after the injection of insulin, and 
after 30 to 60 minutes the minimum value was attained, that was 
about one-half of the initial value. Thereafter the values began to 
increase and reached the normal value in about 180 minutes. Blood 
lactate and pyruvate decreased also, but the minimum values were 
attained after 2 to 3 hours (Fig. 1 (a)). 

When alloxan-diabetic rabbits were injected with insulin, the 
blood sugar did not decrease so rapidly as in the normal rabbits, 
but the minimum value was attained after 3 hours and thereafter 
the slow increase was observed, but the original value was not yet 
attained after 7 hours. Blood lactate and pyruvate showed a slight 
decrease at first, but they began to increase after 60 minutes and 
the maximum values were attained after 2 to 3 hours. The degree 


of increase of pyruvate was smaller than that of lactate (Fig. 1 (b)). 


- (2) Normal Rabbits (b) Diabetic Rabbits 
ny Al (average of five) (average of four) 
al — 


le Btn 
eee ie 5 10 tS uae 5 7 
hours after injection hours after injection 


Fig. 1. The effects of insulin injection, 
(——blood sugar,— — —blood lactate, ----. blood pyruvate) 


3) The effects of glucose injection—Eight normal and five dia- 
betic rabbits were used to observe the effects of glucose injection on 
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the blood glucose, lactate, and pyruvate. In the normal rabbits the 
increased values of blood sugar began to diminish soon after the 
injection and 2 or 3 hours later normal values were reached. Blood 
pyruvate and lactate took the similar course. Both of them 
increased immediately and afterwards decreased gradually. Pyruvate 
reached to the normal value or subnormal value after 2 to 5 hours, 
and lactate reached to the normal value after 30 minutes and 
thereafter to the subnormal vaiue sometimes (Fig. 2 (a)). When 
diabetic rabbits were injected with glucose, the recovery of glucose 
was slower than in the normal rabbits and the original value was 
not attained still after 7 hours. Blood pyruvate and lactate did not 
show any increase, for they remained almost at normal levels during 


the who!'e course of the observation (Fig. 2 (b)). 


n 

AC | 

700, (a) Normal Rabbit's (b) Diabetic Rabbits 
(average of eight ) (average of four ) 


hours after injection hours after injection 


Fig. 2. The effects of glucose injection. 
(——blood sugar,— — —blood lactate,:----: blood pyruvate) 


4) The effects of simultaneous injection of glucose and insulin— 
Seven normal and four diabetic rabbits were used to observe the 
effects of the simultaneous injection of glucose and insulin. Blood 
sugar, which was as high as 400 mg. per 100 ml. immediately after 
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the injection, began to decrease rapidly and after an hour it reached 
almost to the normal value and after 2 hours to a subnormal value. 
A slight increase was observed after 5 hours, but the normal value 
was attained after 7 hours. Blood lactate and pyruvate took the 
similar course and they showed the maximum values immediate'y 
after the injection or 30 minutes later. However, both of them, 
especially pyruvate, increased frequently after 3 hours (Fig. 3(a)). 
With alloxan-diabetic rabbits blood glucose, which was at its 
maximum immediately after the injection, decreased gradually and 
reached the original value after 2 hours and it still continued to 
decrease, and the minimum value was attained aiter 5 to 7 hours. 
Blood lactate began to increase gradually after the injection, the 
maximum value was found after 3 to 5 hours, and the normal value 
was obtained after 7 hours. Blood pyruvate showed the similar 


increase and it reached the highest value after 1 to 2 hours (Fig. 3 


(b)). 


m 


at 
1 (Q) Normal Rabbits (b) Diabetic Rabbits 
(average of seven ) (average of four) 


hours after injection hours after injection 


Fig. 3. The effects cf glucose plus insulin injection. 
(—blood sugar,— — —blood lactate,------ blood pyruvate) 


5) The effects of pyruvate injection—To observe the rate of 
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disappearance of the injected pyruvate from the circulating blood, a 
5D per cent solution of sodium pyruvate in physiological saline was 
injected intravenously within 2 minutes in a dose of 159 mg. (calcu- 
lated as pyruvic acid) per kilogram of body weight.. Blood samples 
were taken before and immediately after the injection and then after 
2, 5, 10, 30, 60, and occasionally 120 minutes. 


TABLE Il. 


Effects of Pyruvate Injection on Blood Glucose, Lactate and Pyruvate 
Levels of Normal and Diabetic Rabbits. 


Conc. in immediately after (min.) 
Blood (mg/dl) before after 2 5 10 30 69 
| (a) Normal 
Glucose 122.8 121.8 122.8 148.0 TB-0 
| Lactate 88.8 124A S1284.. 1976 © ~ 1500 
Rabbit | pyruvate 3.54 24.66 8.06 3.55 3.41 
no. 
363 (b) Diabetic 
Glucose 403.0 402.2 443.0 4248 409.0 
Lactate 100.8 126.3, .120.0.. 130.0, 1723 
Pyruvate Pah 9.42 5.78 3.95 3.93 
(a) Normal 
Glucose 169.2 1544 1520 1486 1544 169.8 157.6 
Lactate 133.0 143.8 156.0 142.2 143.7 81.0 81.0 
Rabbit Pyruvate 6.16 75.36 18.76 12.02 8.45 5.95 5.63 
no. | 
364 | (b) Diabetic 
Glucose 456.5 421.5 416.3 415.8 4500 409.0 428.0 
Lactate 108.0 1248 1528 1536 139.6 1396 1411 
Pyruvate 181 66840. 2222 se28 8.12 3.00 2.76 
| (a) Normal 
Glucose 11057-1204 1126 12902 125.5 1550 - 1823 
Lactate 68.4 685 638 69.8 51.8 52.2 44,0 
Rabbit Pyruvate 391-5802 803 457 450° 400 3.65 
no, | 
373 (b) Diabetic 
Glucose 2358 2764 234.1 230.7 - 285.8 2422 272.7 
Lactate Sg.5e « ALiSe) eS7.6u 87-6 33.6 33.4. 27.5 


Pyruvate Sista, GSI) wa 5.73 4.12 2.94 2.65 
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The course of the change of blood pyruvate, lactate. and sugar 
values were observed with four normal and three diabetic rabbits. 
In both groups of rabbits blood pyruvate increased remarkably at 
once but it began to decrease rapidly. The rate of decrease was 
sometimes a little smaller with the diabetic rabbits, but no essential 
differences could be found between the two groups (Table II). 

6) The effects of alloxan injection—In order to observe the 
course of variations of blood sugar, lactate, and pyruvate values 
after the injection of alloxan, the following experiments were un- 
dertaken. A 5 per cent solution of alloxan monohydrate was injected 
into normal rabbits in the dose above mentioned, and the blood 
samples were taken before the injection and after 1, 2, 4, 6, 10, and 
24 hours. 

The results of two representative cases are shown in Fig. 4. 
Blood sugar began to increase after the injection and reached its 
maximum after 1 to 2 hours. Then it decreased rapidly and 
hypoglycemic state continued for about 4 to 10 hours, and then 
hyperglycemia took place permanently. Glucosuria was found on the 
next day. The observation of blood lactate and pyruvate showed 


vy Mg 
Al Zl dl Rabbit No. 358 Rabbit No. 36] 


(Neb (a daa A 10 ; 


4Or2 4 6 10 24 
hours after injection hours after injection 


Fig. 4. The effects of alloxan injection on the normal rabbits. 
(——blood sugar,— — —blood lactate,---+.. blood pyruvate) 
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that they did not decrease, or rather increased in the hypoglycemic 
state and decreased to normal values on the next day. 


Discussion 


We have already ascertained the fact that the specific injury of 
Langerhans’ islets was found in alloxan-diabetes (17), as many 
investigators had stated. In the present report it was found that the 
concentration of blood sugar is elevated remarkably, but the values 
of blood lactate and pyruvate are of normal levels in the alloxan- 
diabetic rabbits. This fact was also observed in the patients of 
diabetes mellitus or depancreatized animals by us as well as by 
many other investigators (18-21). If glucose is injected into normal 
rabbits, the blood lactate and pyruvate are increased in the hyper- 
glycemic phase, but in alloxan-diabetes these are not increased, even 
if glucose is injected. From these observations it can be concluded 
that there is some injury of the conversion process from glucose to 
pyruvate or lactate in the diabetic organism. In fact the elevation 
of pyruvate or lactate can be observed when insulin is injected into 
diabetic animals. Thus, insulin is considered as an active agent, 
which brings about the process of conversion from glucose to lactate 
or pyruvate. 

As above mentioned, hexokinase activity is reported to be inhi- 
bited by anterior pituitary, spleen, or adrenal extracts and this 
inhibition is counteracted by insulin (4-6, 9). Some investigators 
(7, 12) do not always agree to these observations, but the cause of 
this inconsistency may be due to the instability of the inhibiting 
agents. If insulin has relation with the activity of hexokinase, 
it can be explained clearly that insulin promotes the glucose uti- 
lization, namely, glucose oxidation and glycogen formation. There 
are also some observations that insulin accelerates the fatty acid 
formation from glucose (22, 23). Broch and Kramer (1948) (24) 
stated that this action of insulin comes from the acceleration of fatty 
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acid formation from pyruvate. Furthermore, some investigators 
considered that insulin accelerates the synthesis of adenosine tri- 
phosphoric acid in animal tissues (25-27). If this is the action of 
insulin, the acceleration of glucose oxidation, glycogen formation and 
fatty acid synthesis may be completely explained from this action. 


In diabetes it is sometimes reported that the oxidation of 
pyruvate is retarded (28). From our results of pyruvate injection 
it is not so clear, though some tendency of retardation in its rate of 
disappearance from circulating blood was also observed. Markee 
and Meyer (1949) (29) stated that in diabetic acidosis pyruvate 
disappearance from blood is retarded and this is counteracted by the 
injection of cocarboxylase but not of insulin. Anyhow, the distinct 
acceleration of pyruvate disappearance is never observed in diabetes, 
and lactate pyruvate ratios are the same as normally, and thus, the 
absence of the elevation of pyruvate or lactate in diabetes must be 
considered as the result of the damage to the conversion process 
from glucose to pyruvate. 

As for the direct effect of alloxan injection, many investigators 
observed that there are three phases, namely, the early hyper- 
glycemic, following hypoglycemic, and lastly, persistent hyperglycemic. 
Many investigators considered the outflow of too much insulin from 
the necrotic Langergans’ islets as the cause of the early hypoglycemic 
phase (3, 30, 31), and Dunn and McLetchie (1943) (1, 32) considered 
that the increased secretion of insulin was caused by the stimulation 
of alloxan. But Houssay et al. (1945) (33) regarded this hypo- 
glycemia as the result of the decrease of glucose formation of the 
liver, and Bailey et al. (1949) (34) stated they could not determine 
which opinion was tenable. Now, if the increased secretion or outflow 
of insulin, or the decreased formation of glucose in the liver were 
the only change in this phase, the values of lactate and pyruvate 
should be decreased in accordance with the hypoglycemia, but the 
results of the above experiments show that both lactate and 
pyruvate are not decreased or in some cases rather increased in the 
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blood during this phase. This appearance is similar to the result of 
the simultaneous injection of glucose and insulin, and thus, it is 
conceivable that in this phase there still remains the influence of 
the early hyperglycemic phase. 


SUMMARY 


1) In spite of the remarkable increase of blood sugar in the 
alloxan-diabetic rabbits, their lactate. pyruvate and the ratio of 
lactate to pyruvate in the blood were of the same levels as in the 
normal rabbits. 

2) When insulin was injected, a distinct decrease of the blood 
pyruvate and lactate was observed during the hypoglycemic state in 
the normal rabbits, whereas a temporary decrease and a following 
increase of the blood pyruvate and lactate were observed in the 
alloxan-diabetic rabbits. 

3) When glucose was injected, the blood pyruvate and lactate 
as well as glucose were increased in the normal rabbits, but no 
increases of the former two were observed in the alloxan-diabetic 
rabbits. 

4) When insulin was injected with glucose, blood lactate and 
pyruvate showed a distinct increase in both normal and diabetic 
rabbits, although the course was somewhat different between them. 

5) The rate of disappearance of the injected pyruvate from the 
circulating blood showed no remarkable differences between normal 
and diabetic rabbits. 

6) In the hypoglycemic phase of alloxan injection the blood lac- 
tate and pyruvate were never decreased, or in some cases some- 


what increased. 
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